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Abstract 
This study positions private-sector multi-storey apartment buildings (MSABs) in 
Australia’s subtropical cities within the context of urban sustainability and identifies 
the conundrums associated with the suitability and acceptance of apartment buildings 
as a housing type in this mix. Not only is the MSAB inherently energy-intensive, but 
Australian residents have expressed a reluctance to transition permanently to 
apartment living. Unless apartment living becomes a far more attractive proposition 
for residents, and apartment buildings far less CO2 intensive, then apartment 
developments will remain incongruous elements of the 21st Century city.  
 
While many researchers have investigated the relationship between urban 
consolidation, density and housing form in terms of overall urban energy 
consumption of the contemporary Australian city, relatively little is known about the 
social, cultural, economic and environmental “fit” of MSABs, and particularly the 
dwellings within them, with the lifestyle expectations of residents of Australia’s 
subtropical humid settlements.  In order to explore the potential for apartment 
buildings and apartment living to become more socially and environmentally 
acceptable in Australian society generally, and in the subtropics particularly, I 
addressed this gap in knowledge through the research question:  
 
What are the key factors in building design that impact residents of buildings in a 
subtropical context? 
 
This research offers a unique mixed methods approach that is situated within a 
conceptual framework regarding architectural design quality and fitness-for-purpose. 
“Fitness for purpose” is conceptualised as “liveability”, which is explored through 
the theory of place and user satisfaction and climate-responsive design. A number of 
methodological tools are used including a quantitative survey and qualitative 
interviews with residents, a design-led charrette to elicit expert designers’ responses 
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to resident-identified liveability attributes, and an instrumental case study of trends in 
MSAB design in Brisbane over five decades. 
 
The overarching aim of this study is to create new knowledge about the design 
directions or changes to the MSAB typology that are needed and can be implemented 
to deliver apartment buildings that people can call home for longer, and that provide 
the basis for sustainable residential building stock to meet the future post-carbon 
context. The challenges of resolving incongruities between residents’ preferred 
attributes and other stakeholders’ main interests (such as regulatory authorities and 
property developers) in the design process were investigated. Four themes were 
found to impact negatively upon residents’ experiences of liveability in apartment 
buildings:  
1. Design problems are solved with electricity rather than with a holistic 
architectural knowledge-based approach, causing higher energy use than 
necessary or desirable in a climate that residents acknowledge requires little 
energy input for human comfort. 
2. Stakeholders in every category (including residents and designers) settle for 
adequate rather than optimal solutions, normalising acceptance of poor design 
of MSABs as residential environments. 
3. Technology-focussed strategies to lower emissions of apartment housing, 
such as alternative energy sources, do not address systemic problems of 
energy-centred design. 
4. Urban form, sustainability and the ‘fit’ of multi-storey apartment buildings in 
Brisbane depends on a focus on subtropical lifestyle values. 
The explanation of the interrelationships between these themes and societal 
implications are significant and contributes new knowledge in the transdisciplinary 
fields of architecture, urban planning, and property development. The thesis 
concludes by posing pragmatic recommendations for overcoming these systemic 
failures.  The outcomes have the potential to radically reshape lifestyle expectations 
and design practice as society moves toward a post-carbon future. The findings and 
insights stemming from this research may assist the designers, regulators, developers 
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and financiers involved in developing multi-storey apartment buildings to deliver 
residential environments that improve residents’ quality of life. 
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Chapter 1: Introduction 
1.1 BACKGROUND 
Multi-storey apartment living is a new phenomenon in Brisbane, a city with a 
brief history of high-density urban form and large residential buildings. While the 
city’s early outward growth was encouraged by electric tramways and a suburban rail 
network (Spearritt 2009), urban development patterns in South East Queensland 
(SEQ) coincided with the ever-increasing private car ownership that occurred during 
the late-twentieth century. Brisbane’s low-density urban development, characterised 
by car dependency and urban sprawl (Spearritt 2009), mirrored similar “sun belt” 
settlements in the USA, such as Florida and California (Galchutt 1973, Roosa 2007). 
They share a high demand for infrastructure for private transport, energy and water 
supply and waste management, and correspondingly have high greenhouse gas (GHG) 
emissions. 
The significant population growth experienced in SEQ’s urban areas over the past 30 
years is expected to continue in coming decades (National Housing Supply Council 
2012). Thus, local and state governments are promoting compact urbanisation policies 
to meet the pressures of urban sprawl, such as managing the cost of providing and 
maintaining urban infrastructure and services (Queensland Government 2009). Higher 
levels of urban population density are sought to increase efficiency of infrastructure, 
particularly mass transportation, and to reduce the strain on natural resources through 
better use of land for open space and agriculture (OUM 2005). The overall aim of such 
urban consolidation policies is framed as providing sustainable community prosperity 
into the post-carbon future.  Brisbane is the city at the centre of the SEQ region. 
Energy and emissions reductions policies through  urban consolidation and improved 
building design are critical components of Brisbane’s urban sustainability agenda 
(Brisbane City Council 2014d).  
 
Multi-residential buildings will play a significant role in facilitating the increased 
densities that urban consolidation implies. One multiple-dwelling type that Brisbane 
property developers are responding with are larger-scale, multi-storey apartment 
buildings (MSABs) (Urbis 2014). However, to date, several Australian researchers have 
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found that apartment buildings actually contribute to greater overall urban energy use 
(Troy et al. 2003, Rickwood 2009a, Perkins et al. 2009, Wright 2010).   
 
At the same time, in Australia, apartments are the least-preferred dwelling type among 
all life-stage groups (Hodges et al. 2011), and most Australians aspire to own a detached 
house (Kelly, Weidmann, and Walsh 2011). Indeed, most only choose an apartment 
dwelling for transitory periods in their lives rather than as a permanent option 
(Randolph 2006). Thus, greater acceptance of apartment living as a viable long-term 
choice requires a radical change in Australian housing culture, which is dominated by 
detached homes on large suburban blocks (Randolph 2006). The implication is that the 
MSAB is an inappropriate architectural response in urban consolidation policies aimed 
at adapting to climate change.  
 
Unless these types of buildings can make a more positive contribution to sustainable 
city forms in the future, they will become energy-intensive liabilities borne by the wider 
community in the post-carbon economy (Wong 2010, Pears 2005), rather than becoming 
enduring elements of a sustainable community. To address shortcomings of 
contemporary MSAB, it is essential to identify specific design factors that aid or inhibit 
residents’ perceptions of the liveable attributes of residential environments, particularly 
the dwelling.  
1.2 MULTI-STOREY APARTMENTS IN BRISBANE 
Throughout the 1960s and 1970s, “six-pack” walk-up flats became the dominant 
form of medium-density housing in Brisbane, with hundreds of these blocks being 
built (Spearritt 2009). Located in Highgate Hill, Torbreck was Brisbane’s first MSAB 
constructed in the contemporary International Style (Australian Institute of Architects 
2010b). Completed in 1961, it combined a 12-storey “tower” over several parking 
levels and an eight-storey “slab” building known as the Garden Block (Figure 1.1). 
Since the 1960s, the construction of apartment buildings has been subject to the 
vagaries of the economy, with boom and bust cycles, but investment in large multi-
residential developments advanced considerably with the introduction of strata titling 
legislation (Easthope and Judd 2010) that enabled individuals to obtain finance to 
purchase single flats (Randolph 2006). 
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In 1981, only 6% of Queensland’s population lived in high-rise units. While some 10-
storey apartment blocks were constructed on the north side of the Brisbane River in 
the 1970s, significant construction of apartment buildings only began in the 1990s 
with the post-industrial redevelopment of former wharfs at Kangaroo Point and South 
Brisbane (Spearritt 2009). By 2001, the number of multi-storey apartment dwelling 
households had risen to almost 11%, most of whom were situated beach-side at the 
Gold Coast or in Brisbane’s riverside suburbs, reflecting their desire of being close to 
water views (ABS 2004).   
 
 
 
Figure 1.1 Image of Torbreck appearing in “Home in the sky”, Woman’s Day, 1958, pp. 62-63. Image: 
N. Gorey. Source: (Centre for Subtropical Design 2006). 
 
While towers have proliferated in coastal resorts, the apartments within them are 
mostly used for short-term holiday stays rather than permanent living. Today, planning 
for projected population growth in Brisbane based on urban consolidation is directing 
high-rise apartments to be developed in major regional centres, such as Chermside, 
Woolloongabba, Mt Gravatt, and Indooroopilly, which are close to public-transport 
corridors, shopping and services; minor centres, such as Coorparoo, Toowong and 
Lutwyche (none of which are river-side suburbs); as well as post-industrial urban 
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renewal areas close to the river, such as West End, South Brisbane, Kangaroo Point 
and Hamilton (Brisbane City Council 2006, 2014c).  
 
The SEQ region currently has a total of 1,196,062 dwellings, of which 306,266 (25%) 
are in multi-residential buildings (Profile.id 2011). The South East Queensland 
Regional Plan (Queensland Government 2009) predicted that another 754,000 dwellings 
would be required in the region by 2030. Of the total 156,000 additional dwellings 
required to meet projected growth in the local government area of Brisbane, 138,000 are 
planned to be in infill and redevelopment areas (Queensland Government 2009).1 In 
2011, the city had just fewer than 426,800 existing dwellings (Brisbane City Council 
2014c). Proportionately, this implies a dramatic increase in the number of dwellings 
which are to be formed in multi-residential developments in Brisbane’s housing stock in 
the next two decades. Dwellings in multi-storey apartment blocks are likely to 
contribute significantly to this number (Urbis 2014). 
 
1.3 ACCEPTANCE OF HIGH-DENSITY LIVING AND APARTMENT 
BUILDINGS 
Previous studies have indicated that community attitudes are not supportive of 
high-density living in Australia (Troy 1996, Bishop and Syme 1995). Issues associated 
with perceived threats to amenity and lack of suitability for lifestyle expectations are 
frequently expressed by members of the community in opposition to proposed 
apartment developments in their neighbourhoods (Hodges et al. 2011, Kelly, 
Weidmann, and Walsh 2011), or as reasons why an apartment dwelling would be their 
least-preferred housing option (Hodges et al. 2011).  
 
By contrast, the findings of a study of resident satisfaction with the overall 
environment of inner-urban high-density neighbourhoods of Brisbane (Buys and 
Miller 2012) showed that the majority of respondents were very satisfied with both 
their dwelling and their neighbourhood. Nevertheless, they identified several aspects 
                                                 
 
1 These predictions are being revised downward due to the effects of externalities such as the global 
financial crisis and the slowing of the resources boom. New estimates for infill development were not 
available at time of writing, though Brisbane City Council is using the Queensland Government forecast 
of 116,000 additional dwellings in the city by 2031 (BCC 2014a). 
 Chapter 1: Introduction 5 
that would enhance their living experience of their dwelling, such as more space, less 
noise (Buys and Miller 2012) and more personal control over indoor environment 
factors, including the choice to naturally ventilate dwellings (Buys et al. 2008).  
 
These resident-identified shortcomings are consistent with the findings of a range of 
studies of residential satisfaction with high-density living in Australia and overseas 
(Easthope and Judd (2010), Hodges et al. (2011)) (Hofer (2008), Lee, Je, and Byun 
(2011)). The shortcomings distinguished by residents indicate that the quality and 
liveability of dwellings in high-density neighbourhoods are greatly influenced by 
design, and reveal deficiencies in the design of multi-residential buildings.  
 
Many contemporary apartment buildings in Brisbane are also perceived by the general 
public as not “fitting” with Brisbane’s character and identity in terms of scale and 
aesthetic. Some members of the design community consider them to be inappropriate 
for Brisbane’s climate (Spearritt 2006) and identity as a subtropical city. This lack of 
engagement with “place” is anomalous to “sustainability” expectations of the 
community at large. Design and planning experts who lament modern housing’s 
insensitivity to climate and its reliance on year-round air-conditioning and energy 
expenditure for achieving indoor environment quality (particularly thermal comfort) 
(Hyde 2000, Emmanuel 2005) highlight the misalignment between multi-storey 
apartment design in Brisbane and the subtropical climate. 
 
1.4 ELEMENTS OF THE RESIDENTIAL ENVIRONMENT 
The success of people’s relationship with their living environment is an 
important issue for sustainable development (Moser 2009). The residential 
environment is described in the literature as being composed of three essential 
elements: the neighbourhood, the house, and the neighbours (Amerigo and Aragones 
1997, Adriaanse 2007, Canter and Rees 1982). Various researchers have identified 
scales, or factors, of residential environmental quality in urban environments as 
perceived by residents (Moser 2009, van Poll 1997), but most studies related to high-
density residential environments are concerned with the neighbourhood scale 
(Lewicka 2010). Among other factors, these studies have measured community 
satisfaction (Ge and Hokao 2006), neighbourhood quality and characteristics (Tu and 
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Lin 2008, Wang and Hsueh-Tao 1999, Mitrany 2005), the effects of urban form on 
community participation (Cho and Lee 2011), and social interaction in outdoor spaces 
(Abu-Ghazzeh 1999, Ozsoy et al. 1996, Huang 2006, Kearney 2006).  
 
Contextual aspects of urban residential life that threaten city dwellers’ quality of life, 
such as environmental noise, air, water and visual pollution, security problems, 
inadequate facilities the neighbourhood, and unsatisfactory transport, are frequently 
mentioned in the literature. Moser’s (2009) analysis is that more studies are concerned 
with measuring residential satisfaction levels and identifying important predictors of 
satisfaction than with understanding how residents perceive environmental quality. 
Either way, only a few researchers have examined the more specific role of the 
dwelling – in particular, evaluating residents’ perceptions of residential environmental 
quality, or the factors of the physical environment of the dwelling within the MSAB – 
in the context of the broader surroundings that influence feelings of physical and 
psychological well-being or ill-being. King (2004) speculates that this may be because 
the subjectivity of “dwelling” and the variability of users leaves dwelling space and 
quality “opaque to the generalisations of science” (p. 65). 
 
The relationship between “lifestyles and associated values and norms” and “the 
physical use and design of domestic space” (Ozaki 2005) is a broad, deep and well-
researched topic in the fields of sociology and environmental psychology, but “design 
of space” is the province of the architectural profession. In the mundane sense, a 
dwelling may be considered as a physical enclosure for personal accommodation that 
meets objective qualities to a greater or lesser extent; however, the physical structure 
is given unique meaning by its occupant’s social and cultural use of the space of 
dwelling. To “dwell” is a common experience, individuated in the private dwelling 
(King 2004). Thus, gaining the resident’s perspective is important to the design 
profession’s understanding of attributes that support people in the private dimension of 
dwelling, and to attain congruity between people and their environment. 
 
1.5 RESEARCH PROBLEM, RESEARCH QUESTION AND SCOPE 
The issues above present a public policy conundrum. On the one hand, compact 
urban form is advocated for reducing GHG emissions, but on the other hand, the 
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community is negative about higher density living. Meanwhile, the MSAB is the most 
energy-intensive high-density housing type with the highest per capita GHG 
emissions, and apartments are Australians’ least-preferred housing option and are a 
short-term choice for many. It must be questioned whether the MSAB can make a 
positive contribution to sustainable city form into the future. 
 
While many researchers have investigated the relationship between urban 
consolidation, density and housing form in terms of overall urban energy consumption 
of the contemporary Australian city (Randolph 2006, Bamford 2009, Perkins et al. 
2009, Wright 2010), relatively little is known about the social, cultural, economic and 
environmental “fit” of MSABs, and particularly the dwellings within them, with the 
lifestyle expectations of residents of Australia’s subtropical humid settlements. 
 
The part that the individual dwelling within MSABs needs to play to contribute 
towards successful urban consolidation policy is crucial. Unless these dwellings can 
meet ordinary citizens’ expectations as desirable places to live on an everyday basis, 
this type of multiple housing is unlikely to provide residents with the qualities and 
values that matter to them over time, and planning policy objectives aimed at 
sustainability will have failed (Randolph 2006).  
 
So why is the apartment Australians’ least-preferred long-term housing choice? In 
order to explore the potential for apartment buildings and apartment living to become 
more socially and environmentally acceptable in Australian society generally, and in 
the subtropics particularly, I aimed to address this gap in knowledge through the 
research question:  
 
What are the key factors in building design that impact residents of multi-storey 
apartment buildings in a subtropical context?  
 
This question underpins all the papers in this PhD thesis by publication. 
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Scope 
In this thesis, the term “multi-storey apartment buildings” refer to privately 
owned or funded MSABs in Brisbane. A number of terms were used interchangeably 
in the papers – “multi-storey”, “multi-residential”, “high-rise”, and “residential 
towers”. While the term “multi-storey apartment building” encompasses all of these in 
this dissertation, it may denote mid-rise or high-rise towers. Similarly, multi-storey 
apartment buildings may be denoted as medium-density or high-density. Therefore, 
the definition used in this research is any multiple residential building that is four 
storeys or higher and includes separate private apartment dwellings. Common access 
areas and any site facilities located in the building are also included. This definition is 
consistent with the Class 2 Buildings featured in the National Construction Code of 
Australia BCA Volume 1, which are those containing two or more sole occupancy 
units (ABCB 2010), and the descriptions provided by BCC’s Residential Design High 
Density Code, Brisbane City Plan 2000 Volume 1 (2009). 2 
The point of departure for my research is the living environment of the individuated 
private apartment dwelling. In this thesis, “private apartment dwelling” refers to an 
individual self-contained dwelling within an apartment building, block of flats, or 
units. Consistent with the Australian Bureau of Statistics’ definition, these dwellings 
do not have their own private grounds and usually share a common entrance, foyer or 
stairwell (Australian Bureau of Statistics 2013). In this research, the residential 
environment is limited to the physical environment of the “dwelling” in the private 
multi-storey apartment building. This takes into account the dwelling’s private outdoor 
space, such as balcony or verandah, and the collective semi-public areas immediately 
surrounding it, such as the stairways, landings and corridors in a residential building. 
Hertzberger (2000) describes these as the “in-between” spaces that form the threshold 
between private dwelling and the outside world. My research is interested in the 
immediate neighbourhood insofar as the surrounding uses (other buildings, streets and 
open spaces) impact on the physical and social quality of the dwelling within this 
                                                 
 
2 Brisbane City Plan 2000 was superseded by Brisbane City Plan 2014 online (ePlan) effective from 30 
June 2014 (Brisbane City Council 2014b). Implementation of the ePlan post-dated data collection and 
analysis in this thesis by publication. Nevertheless, the multiple dwelling code of the ePlan applies as 
follows: building heights are aligned with precincts in density zoning; buildings in the medium density 
(MD) residential zoning are five storeys; up to eight storeys in the eight-storey zone precinct of the high 
density residential (HD) zone; up to 15 storeys in the 15-storeys zone of HD zone. 
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climatic context. I examine the physical and social characteristics of the dwelling in 
the MSAB in an urban, subtropical, humid setting.  Taking into account the foregoing, 
this research pertains to dwellings situated in any MSAB that have the following 
characteristics: 
• Privately funded or owned; 
• Four storeys or higher; 
• Mid-rise or high-rise; 
• Medium density or high-density. 
 
This study focusses on the subjective perceptions of how factors in building design 
facilitate daily life for residents of MSAB in the subtropical context, and transforms 
these subjective expressions into tangible attributes of architectural design. Thus, the 
study does not specifically measure GHG emissions (CO2-e); does not specifically 
measure thermal, acoustic or visual comfort; does not conduct comparative costings of 
construction or operation against benchmarks; does not specifically compare floor 
areas or wall-to-floor area ratios; does not specifically compare residents’ costs of 
occupation historically or against other housing types (rent, mortgage repayments, 
utilities, etc.); does not investigate the effects of governance (strata title or other 
structure) on performance of dwellings and buildings; and does not investigate the 
project procurement process and the specific role of the architect in the contractual 
process. These are all fertile areas for further research in the topic area. 
 
1.6 THE THEORETICAL FRAMEWORK 
This design-based research into private-sector multi-residential dwellings is 
situated within a conceptual framework regarding architectural design quality and 
fitness-for-purpose. “Fitness for purpose” is conceptualised as “liveability”, which is 
explored through the theory of place and user satisfaction (Adriaanse 2007, Amerigo 
and Aragones 1997, Aragonés, Amérigo, and Pérez-López 2010, Canter and Rees 
1982, Moser 2009, van Kamp et al. 2003) and design theory (Cuff 1991, Dorst and 
Cross 2001, Friedman 2003, Zeisel 2006a). 
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The research is grounded in sustainable development and is viewed through the lens of 
climate-responsive design (Emmanuel 2005, Givoni 1998, Hyde 2000, Yeang 1996, 
Koenigsberger et al. 1973).  
 
1.7 RESEARCH AIMS AND OBJECTIVES 
The MSAB is a burgeoning housing type within local (Brisbane) conditions 
(subtropical climate, lifestyle, and jurisdiction), but its role as a key component of 
“sustainable” urban development in Australia’s cities is ambiguous. The aim of my 
PhD by publication has been to evaluate the liveability attributes of the typical 
apartment dwelling relevant to residents’ everyday lifestyles in the subtropical city in 
order to make recommendations on improving the design quality of apartment 
buildings. 
This research will add to the body of knowledge about high-density liveability 
generally, and will offer the basis for an architectural approach to sustainable MSAB 
in subtropical settlements specifically.  
 
Objectives 
The overall objective of my research is to create new knowledge about the design 
directions or changes to the MSAB typology that are needed and can be implemented 
to deliver apartment buildings that people can call home for longer, and that provide 
the basis for sustainable residential building stock to meet the future post-carbon 
context. Specific objectives are as follows: 
1. To provide a more complete understanding of the complex picture of how 
design meets life in multi-storey residential buildings in denser subtropical 
settlements;  
2. To relate the subjective lifestyle preferences and expectations of occupants 
of apartments to specific design factors within the MSAB in the context of 
Brisbane’s high-density subtropical neighbourhoods;  
3. To identify key factors of MSAB design that impact residents;  
4. To explain how and why these factors are related to each other;  
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5. To propose desirable characteristics of subtropical apartment buildings that 
improve liveability and can be implemented to deliver apartment dwellings 
that people can call home for longer (and provide the basis for sustainable 
residential building stock). 
 
The findings and insights stemming from this research are intended to help the 
designers, developers and financiers involved in developing MSABs in Brisbane 
envisage and bring to fruition multi-household residential buildings that are desirable 
to diverse segments of the community in both the short and long terms. 
 
1.8 SIGNIFICANCE OF THE RESEARCH 
The original value of this design research is in its subtropical application, and in 
its distinction between “housing”, as envisaged by planning policy, and the domestic 
space and experience of an individuated “dwelling” (King 2004).  
 
Apart from research derived from Queensland University of Technology’s (QUT) 
Centre for Subtropical Design and Institute for Sustainable Resources (Queensland 
University of Technology 2009), the subtropical humid climate zone is relatively 
under-researched in terms of high-density living environments and residents’ 
expectations. While a body of work discusses high-rise living in some very dense 
Asian cities, particularly publicly owned mass housing in subtropical Hong Kong and 
tropical Singapore (Hui 2001, Yuen 2007, Yuen et al. 2006, Yuen and Yeh 2011, 
Wong et al. 2009, Ng 2010, Niu 2004, Cho and Lee 2011), my research is focussed on 
private housing. It contributes new knowledge by positioning multi-storey apartment 
living in local (SEQ) conditions, taking into account subtropical climate, landscape 
(and the topography of east coast subtropical regions in particular), Australian lifestyle 
preferences, and Australian building and planning regulations that define design 
approaches to multi-storey residential buildings.  
 
The Brisbane and SEQ context are important more widely because the fully humid 
climate (Stern, de Hoedt, and Ernst 2000) is comparable to similar subtropical regions 
around the world. Cities in these equable climate regions (generally, the coastal 
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environments between latitudes 23.5° and 39° on the east coast of continents in both 
hemispheres) are already experiencing unprecedented growth (McKinsey Global 
Institute 2009). They are likely to experience heavy migration pressure toward them as 
climate change affects liveability in regions that experience more challenging climatic 
conditions (for example extreme heat and extreme cold) and require higher year-round 
inputs of energy for thermal comfort. (UN-Habitat 2013) At the same time, Asian, 
South American and some African countries in the Subtropical Zone will experience 
rapid income growth in coming decades that will see billions of people transition out of 
poverty into middle income classes (Hajkowicz, Cook, and Littleboy 2012). As such, 
the demand for quality housing will be immense. 
 
The foregoing factors are significant because, as with trends in MSAB design itself, 
much research into the links between architectural design, environmental performance 
of buildings and the satisfaction of residents has emanated from temperate climate 
countries situated in North America, Northern Europe and North East Asia (in 
particular, South Korea) that experience severe cold weather, where the differential 
between indoor and outdoor temperatures can be 30°C or more during winter. By 
contrast, there is a much closer relationship between indoor and outdoor conditions 
throughout the year in the subtropics. (While large-scale apartment dwelling is prevalent 
in dense Asian tropical and subtropical cities with large populations and scarce land, 
building design there seems to make few concessions for the climate.) Also, much 
residential environment research has focussed on mass social housing, which makes up 
less than 5% of all housing stock in Australia, with private housing representing a much 
higher proportion of existing and future dwellings. 
 
In the context of converging issues of climate change and actions for sustainability, such 
as urban consolidation and reducing carbon-intensive energy use, building design is 
important because the transformation of the low-density, car-dependent subtropical city 
into a denser, more compact, sustainable city relies on the success of new forms of 
housing which are attuned to local culture (Urban 2012), and are acceptable to residents’ 
lifestyles (Troy 1996). These new forms of housing must also contribute to lower 
overall energy consumption and GHG emissions (Newman, Beatley, and Boyer 2009).  
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Brisbane City Council’s (BCC) Corporate Sustainability Policy, CS2 Sustainable Built 
Environment Policy (BCC 2007), states that Brisbane’s built environment is responsible 
for 25% of the city’s GHG emissions. A key target in BCC’s Corporate Vision, Our 
Shared Vision – Living in Brisbane 2026, was to reduce GHG emissions by 50% by 
2026 (BCC 2006). This target directly relates to improvements in building design and 
urban design performance. More recently, BCC’s updated Vision 2031 aims to achieve 
an average GHG emissions target of 6 tonnes CO2-e annually per household by 2031, 
compared to 10.5 tonnes annually in 2013 (Brisbane City Council 2014d). 
 
This research has implications for how “housing” is designed and built to better meet 
community expectations of satisfactory living conditions. By understanding residents’ 
expectations and what affects people the most in their enjoyment of private living in 
MSABs, architects may be able to translate this research into their design process. 
Therefore, the social implications of this research are aimed at improving apartment 
dwellings for liveability. The environmental implications may be associated reductions 
in apartment household energy use as well as overall urban energy use, and 
corresponding reductions in GHG emissions, which are stated objectives of urban 
consolidation policies. 
 
The benefit of this research to architectural designers is that it underpins and validates 
their scientific/artistic/objective knowledge of people-centred climatic design. By giving 
evidence of the practical significance of this knowledge, it will provide general insight 
to the planning and property development industry as a whole that will influence a 
cultural change in the design of multi-storey residential buildings in subtropical humid 
cities.  
1.9 RESEARCH METHODS 
The Research Design adopts a qualitative methodology in a framework which 
combines multiple methods, and is conducted in two phases. Each phase has a distinct 
research design which makes use of multiple sources of evidence. The research 
strategies in each phase are designed to gather a rich array of data on the socio-
environmental phenomena of multi-storey apartment buildings as a type and the socio-
physical dynamics of multi-storey, multi-residential living in Brisbane, a subtropical 
city. 
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The exploratory first phase has two main components. Residents’ “everyday” 
dwelling experiences of MSABs are explored using a survey of 636 residents and 24 
qualitative interviews to uncover the key socio-environmental factors which facilitate 
liveable environments. Then, architects’ objective knowledge they employ in the 
design process regarding resident expectations is explored through interrogating four 
hypothetical designs for MSABs generated in a charrette.  
The explanatory second phase uses an instrumental case study to focus on 
MSAB residents’ dwelling experiences in a “crisis” situation and the extent to which 
design influenced these experiences. Data was collected on a sample of 17 MSABs in 
West End, a Brisbane neighbourhood damaged by flood in 2011. Interviews were 
conducted with residents of four buildings. This phase explains how conventional 
MSAB design affects residents’ experiences and expectations of key socio-
environmental attributes when the ‘everyday’ disrupted by calamity. 
Detailed explanations of each of the three main data collection methods are 
presented in Chapter 3. 
1.10 OVERVIEW OF PUBLISHED PAPERS 
1.10.1 Summary of research papers  
Phase One research is reported in Papers 1 and 2 (Chapters 4 and 5) which 
explored the liveability attributes of apartment dwellings from the perspective of 
residents and experts respectively. The current paradigm of monotonously stacked 
floor-on-floor apartments is energy-dependent and delivers repetitive dwellings that 
are spatially deficient and that lack thermal, aural and visual comfort. Phase Two 
research reported in Papers 3 and 4 (Chapters 6 and 7) explained the deficiencies of an 
energy-led approach to solving design problems in the architecture of MSABs. 
Shortcomings in the energy-led design of apartment buildings and dwellings were 
exposed when occupants’ dwelling experiences were hindered during a crisis that left 
their buildings without power to key collective spaces for months. A key finding is 
that residents’ perceptions of important liveability attributes altered when crisis or 
calamity disrupted the existing conditions. 
Together, these papers point to building attributes, and design and development 
approaches, that detrimentally affect MSAB liveability on a day-to-day approach. A full 
spectrum of liveability attributes for apartment dwellings is available through an 
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architectural approach if a number of interrelated factors are addressed. These factors 
and their relationships are discussed in Chapter 8.  This section gives a brief overview of 
papers. 
 
Chapter 4 (Paper 1) – Residents’ experiences of privacy and comfort in 
apartment dwellings in subtropical Brisbane  
 
Chapter 4 (Paper 1) draws on the findings of the Living in the city survey and in-depth 
interviews exploring residents’ experiences of higher-density living in subtropical 
Brisbane. It offers a catalogue of resident-identified physical and social conditions that 
are perceived positively and those that cause annoyance or discomfort.  
 
Availability of spaciousness, liveable private outdoor space, and natural ventilation were 
among the highest indicators of “fit” with residents’ expectations of a healthy 
environment in the subtropical city. Outdoor living was perceived as important to 
support normal home-based activities as part of the subtropical lifestyle. Having 
individual control over the thermal and acoustic comfort of private space in the same 
way that households in other types of housing might experience autonomy were also 
important.  Residents overwhelmingly preferred natural ventilation for climate control, 
but perceived that “openness” has privacy and noise implications, while a “closed” 
residential environment implies an undesirable reliance on air-conditioning.  
 
The key finding of this paper is that aiming to ameliorate or eliminate noise (both 
externally generated and transmitted from within an apartment building) without 
resorting to air-conditioning as the only option, is the highest priority design issue 
needed for the success of compact urban living in the subtropical city. Noise not only 
influences residents’ subjective perceptions of privacy and comfort, but also other 
objective environmental performance factors, including indoor air quality, acoustics, 
daylighting, ventilation and temperature. 
 
This paper establishes the theoretical perspective of the significance of the research. 
Specifically, it identifies the challenges and opportunities associated with best practice 
low-energy subtropical design, helping inform designers, property developers, policy-
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makers and residents about the key features that enhance the liveability of MSAB in a 
subtropical context. 
 
Chapter 5 (Paper 2) The Subtropical Residential Tower: Investigating 
sustainable practices in tall buildings 
 
Chapter 5 (Paper 2) draws upon the innovative data-generating methodology of 
the design charrette, which gleans experts’ objective knowledge. The Subtropical 
Tower charrette highlighted the design challenges of resolving the incongruities 
between residents’ preferred attributes for liveability and other stakeholders’ main 
concerns, such as regulatory authorities’ requirements and property developers’ 
primary interests. 
  
Four design-led transdisciplinary teams explored the complexities of designing naturally 
ventilated and daylit apartment towers that also responded to contemporary developer 
feasibility expectations. The conflicts revealed through the intensive design charrette 
process were as follows: the importance that developers place on the view from an 
apartment over its ideal orientation for climate-responsiveness, thus catering to “first 
impressions” rather than the lived experience; the emphasis on maximising saleable 
floor area over maximising liveability; the impact of regulatory requirements to provide 
on-site parking garages for large numbers of vehicles on the structure and form of a 
MSAB (and dwellings), and the need for continuous lighting and ventilation to these 
large parking structures; the challenges of overcoming windy conditions at high levels 
to achieve both functional cross-ventilation and balconies comfortable for home-based 
activities; and the need to satisfy regulatory requirements for dignified access and safe 
emergency egress with stairways that can also be used by residents on an everyday basis 
without compromising safety or security; bathrooms and kitchens confined to the 
building cores, rather than building edge zones require mechanical ventilation and 
artificial lighting.  Four designs that address this raft of problems were proposed.  
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Chapter 6 (Paper 3) Living through extreme weather events and natural 
disasters: How resilient are our high-rise high-density typologies?  
 
In 2011, the effect of building design on key socio-environmental attributes was 
evidenced when the “everyday” was disrupted by a calamity; the extraordinary 
experience of the flooding of the Brisbane River changed residents’ expectations about 
the “everyday” they presumed to be secure and safe. Chapter 6 (Paper 3) provides a 
comparative analysis, focusing on the extent to which a theoretical sample of 
apartment buildings constructed over the past 50 years in one inner-urban riverside 
suburb could support their occupants to remain in-situ by maintaining functionality or 
recovering quickly in the event of a loss of electrical power as a result of the flood.  
 
It was found that residents’ liveability problems were exacerbated when the design of 
MSABs relied on the continuous supply of electricity. Buildings constructed within the 
past decade were found to be the most energy-dependent and the least resilient (that is, 
they least supported residents in everyday liveability throughout the recovery months). 
 
In terms of the overall outcomes of this research, this paper advocates the need for 
climate-responsive design to be adopted for multi-storey multi-residential buildings and 
to take a prominent role in averting the rising human capital and financial costs of 
natural disasters and climate change. Specifically, this paper highlights how mainstream 
urban development using conventional design and construction practices compromised 
the performance and habitability of certain types of buildings before, during and after 
the Brisbane flood disaster.  
 
Chapter 7 (Paper 4) The impacts of power outages on the residents of 
contemporary multi-storey apartment buildings in subtropical environments 
 
For Chapter 7 (Paper 4), the previous data collected on apartment buildings were 
combined with information gained from semi-structured interviews with a sample of 
informed building residents. The key contribution of this paper is that it delineates 
technical systems that impacted on liveability (limited vertical mobility and poor 
thermal comfort) and those systems that impacted on residents’ safety, security, and 
sense of well-being (fire safety and physical security were compromised and residents 
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experienced anxiety when moving through darkened and unsecured shared corridors 
and stairwells). Both essential services (lifts, fire detection, water booster pumps and 
mechanical ventilation) and non-essential services (keyless locking, corridor lighting 
and dwelling air conditioning) were implicated.  
 
The paper also discusses energy security and resilient alternatives to mains power 
supply for energy requirements of modern urban dwellers of multi-storey buildings in 
the context of predicted more frequent extreme weather events due to climate change. 
Collection, storage and fair distribution of renewable energy is problematic. Battery 
storage technology is unstable (dangerous and unpredictable) and currently 
inappropriate. The paper concludes that material and physical design alternatives are 
currently very slim but must be found and implemented to reduce residents’ 
vulnerability to the impacts of critical systems failure. 
 
1.11 KEY TERMS 
The key terms and definitions used in this study are summarised here, and will be 
further developed in Chapter 2.  
 
• Residents are the occupants of dwellings in MSABs in Brisbane. 
• Subtropical climate refers to the subtropical climate of Brisbane. 
Therefore, the definition of “subtropical climate” for this research is a 
hybrid of tropical and temperate conditions that features both hot humid 
summers and cool drier winters, but where temperature extremes are rare. 
During the transitional autumn and spring seasons, day time maximum 
temperature conditions are high (summer-like conditions), but overnight 
minimums are cool (winter-like conditions). This definition is consistent 
with the climate zone for Brisbane defined by the National Construction 
Code of Australia BCA Volume One (ABCB 2010) and the Australian 
Bureau of Meteorology (1989). Specifically, macro-climatic conditions 
are as follows: 
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o Air temperature:  Summer averages 19° to 29° C; winter averages 
are 9° to 21° C.  On average, the region experiences one Degree 
Day over 35°C annually. 
o Solar radiation is high all year round and intense from September 
to March.  
o Humidity is high most of the time. 
o Air movement: on-shore SE breezes prevail in mornings and 
NE/N on summer afternoons. 
o Occasional summer cyclones and winter storms are experienced. 
 
• Socio-environmental factors are characteristics of the built environment 
that play a role in the social environment. These encompass the 
accumulated physiological and psychological sensations of well-being or 
discomfort that contribute to residents’ overall verdict on the “comfort” 
of their dwelling. Criteria of comfort depend upon each of the human 
senses, including subjective-emotional relationships with the 
environment (Hedge 2000). Ambient environmental conditions include 
the interaction between physical aspects, such as thermal comfort, 
ventilation, lighting, and acoustics, with social aspects, such as outlook 
and control over privacy, pollution from external sources, including 
noise, odours and light, individual factors (for example, health, mobility, 
household profile, age and gender), and an individual’s subjective 
preferences that make one’s dwelling either an uncomfortable or an 
enjoyable place to be (Hall 1973, Gutman 1972, King 2004, Chappells 
2010) . 
Other terms that are referred to in this study are as follows:  
• Thermal comfort is a measure of satisfaction with the thermal 
environment. It is a complex concept that is simultaneously affected by 
air temperature, radiant temperature, relative humidity, air speed and a 
person’s activity level and level of clothing (Koenigsberger et al. 1973, 
De Dear and Brager 1998, De Dear 2004).  
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• Natural ventilation is fresh air supplied to enclosed spaces that 
influences thermal conditions and removes indoor contaminants, without 
mechanical air-conditioning (Lee 2000). Effective natural ventilation 
relies on appropriate openings, usually windows and doors, in the 
building envelope so that ventilation can be driven by wind and natural 
air convection currents, resulting in “cross-ventilation” (Szokolay 1991).  
• Natural lighting is the penetration of daylight into a space at levels of 
illuminance appropriate for activities in the space (Baker and Steemers 
2002).  
• Greenhouse gas emissions (GHG) is the collective term used for 
emissions of major greenhouse gases (carbon dioxide, methane, nitrous 
oxide, perflurocarbons, hydroflurocarbons, and sulphur hexafluoride) 
emitted by the fossil fuel energy that people use in buildings, transport 
and industry. Carbon dioxide equivalent (CO2-e) is a measure of the 
integrated effect of these GHG emissions (Australian Government 2013). 
• Operating energy is the energy consumed by built-in appliances in the 
operation of housing; for example, space heating and cooling, hot water 
supply, cooking and lighting equipment (Newton et al. 2012). MSABs 
also use energy for vertical transport (lifts), and for water supply and 
sewerage. 
• Embodied energy is energy and GHG “embodied” in the extraction of 
raw materials, processing and manufacturing of building materials used 
in the construction of housing (Lawson 1996).  
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Chapter 2: Literature Review 
This literature review addresses multiple overlapping factors that must be 
considered to contextualise dwellings in MSABs in general, and apartment dwellings 
in the Brisbane environment in particular. It will begin by describing existing 
influences on the physical form of typical contemporary apartment buildings, and 
then review residents’ perceptions of multi-storey living, drawing on sociological 
theories regarding residential satisfaction. In doing so, an array of socio-
environmental dimensions of dwelling quality is discussed.  
 
The research is grounded in urban sustainability, and situates apartment buildings in 
the realm of urban consolidation planning policies. Since these policies are motivated 
by the need to reduce energy and emissions, the resources consumed by apartment 
buildings and households in daily life are examined by reviewing empirical 
literature. Within this, understanding the relationship between broad trends in energy 
demand and the everyday habits of building users is important. While the concept of 
domestic space in terms of lifestyles and associated values and norms is a broad, 
deep and well-researched topic in the fields of sociology and environmental 
psychology, the physical use and design of domestic space in large multi-household 
buildings, and the science of building for modulating the effects of climate are the 
domain of the architectural profession. Thus, gaining residents’ perspectives is 
important to the design professions’ understanding of attributes that support people 
in the private dimension of dwelling if we are to attain congruity between people and 
the environment (Moser 2009).  
 
The contentious fit of large buildings with communities’ expectations of place-
identity is identified and contextualised in subtropical Brisbane. The tensions 
between housing form and place-identity are critiqued through theories of climate-
responsive design and critical regionalism.  
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2.1 THE MULTI-STOREY APARTMENT BUILDING  
Architects and planners generally use the term “building typology” to describe a 
range of typical structures or types of multi-residential buildings. While many 
combinations of physical form, circulation systems and spatial organisations of 
dwellings exist for the MSAB, they are not limitless. The purpose of this section is to 
give an overview of influences on typical configurations of MSABs. This includes a 
brief historical perspective on the evolution of the contemporary MSAB and the 
external influences and accepted rules that control and limit the spatial organisation 
and use of both private and shared spaces in such buildings. 
 
2.1.1 Building form 
MSABs usually consist of repetitive floor layouts stacked above each other, with 
dwellings in the pattern maintaining a constant relationship with the vertical and 
horizontal elements of the circulation system. These are the common corridors, stairs 
and lifts used by people to move through buildings. Sherwood (1978) devised a system 
of classifying multi-residential buildings based on three-dimensional form and the way 
dwellings are disposed around the system of circulation spaces. Figure 2.1 depicts 
these various configurations; the left column shows the sectional diagram of vertically 
stacked floors, denoting the disposition of dwellings and main circulation corridor, 
while the right column shows typical three-dimensional structural forms.  
 
The dwelling and the position of shared corridors, foyers, stairways and lifts, and 
main entrances to the MSAB are mutually interactive, and the relationship between 
them has physical, environmental and social implications for the resident. Using 
Sherwood’s system (1978, 2002), one is able to understand a building’s plan and 
sectional diagram (volumetric configuration), and recognise the typical dwelling’s 
position in relation to shared areas and the external environment (including whether 
it is facing a street or another open space). One can also ascertain its potential access 
to natural light and ventilation, which are two of the main attributes of interior 
environment quality. Depending on the design of circulation spaces, access to 
daylight and fresh air in dwellings can be blocked or generated. These spaces are also 
implicated in an apartment building’s social performance by offering or denying 
places of potential social interaction (Bay et al. 2006, Nicoll and Zimring 2009, 
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Hertzberger 2000) or anti-social behaviour (Cooper-Marcus and Sarkissian 1986, 
Colquhoun 2004).  
 
Dwellings in MSABs are standardised according to a professional understanding of 
“home” as basically a container for designated areas or spaces labelled by generic 
domestic functions (living, dining, bedroom, kitchen, laundry). The result, according 
to King (2004), is that homes are “commodified according to economic rather than 
human values” (p. 86), and standardisation creates homogeneity and impersonal 
dwellings.  
 
2.1.2 Double-loaded corridor type 
Many typical multi-residential buildings are derived from the “double-loaded 
corridor” model. In this model, apartments are arranged on either side of an internal 
corridor, which, in its most perfunctory form, is dim, airless and inhospitable. 
Writing in 1936, Ashworth described the problem of lighting and ventilating the 
central corridor as a “serious one” and that “ventilation to individual flats is not good 
under this arrangement” (p. 7). However, Ashworth went on to comment that the 
“arrangement is economic and usual in low rental types of flats” (1936, p. 7) and was 
extremely common in large-scale blocks of tenement flats in the UK and Europe.  
This seems to indicate that those on lowest incomes were expected to accept and 
endure sub-standard environmental qualities in their dwellings.  
 
Oldfield, Trabucco and Wood (2009) offer an historical analysis of the evolution of 
high-rise buildings, and their environmental performance, and describe how air-
conditioning and post-World War Two technological innovations, such as the glass 
curtain wall façade system (comprising large glazed sections mounted on a non-load-
bearing supporting frame), brought dramatic changes in high-rise building design 
generally, and to MSABs particularly. They describe the ground-breaking Lake Shore 
Drive Apartments in Chicago, designed by influential modernist architect Ludwig 
Mies Van de Rohe, that were completed in 1951 (Figures 2.2 and 2.3). It was the first 
multi-storey residential building to feature the glass curtain wall façade system, and 
one of the first buildings in which air-conditioning was indispensable as a result. 
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Physical Form (three-dimensional 
configuration) 
Circulation Type (sectional configuration) 
      
Urban Villa        Clustered Low-rise           
        
Perimeter Block       Courtyard 
       
Perimeter Block, corner    Perimeter 
Block,  courtyard 
     
Perimeter Block, infill     Row House 
     
Slab, Corridor    Slab, point access 
      
Terrace    Terraced Slab 
 Tower  
 
 
Double loaded 
 
Double loaded, skip stop 
 
Gallery access 
 
Gallery access, skip stop 
 
Point Access 
 
 
 
 
 
Figure 2.1 Typological categorisation of apartment buildings Source: (Sherwood 2002). 
 Chapter 2: Literature Review 25 
Firstly, with 72% of its façade glazed, the Lake Shore Drive Apartments had a 
significantly inferior thermal performance and required a much higher energy input for 
heating in winter than pre-war buildings that had a much lower glazing-to-external-
wall area ratio (Oldfield, Trabucco, and Wood 2009). 
 
Secondly, when air-conditioning technology was embraced for indoor climate control, 
the need for dual access to open space from a single dwelling became redundant for 
cross-ventilation. This meant that the number of apartments that could be 
accommodated on each floor level could increase dramatically because apartments 
could be arranged on both sides of an internal corridor (shaded dark in Figure 2.3). 
The floor area associated with shared space for moving through the buildings is not 
directly saleable to the purchaser of individual apartments. Thus, the smaller this 
corridor can be, while still allowing access to individual dwelling entry doors from the 
lift core and stairs, the more advantageous for property developers. In Mies van de 
Rohe’s plan (Fig 2.3), eight individual dwellings are linked to the corridor that leads to 
and from the central lift lobby and co-located fire-escape stairways. The apartments 
are mirror-imaged, and entrance doorways of each apartment face another across the 
corridor. The shared areas, comprising two lifts, two fire-escape stairways, corridors 
and riser ducts, are very compact, leaving a very efficient ratio of saleable-floor-to-
overall-floor area.3 
 
While increasing the developer’s profit or “yield” on investment was not a new idea – 
Ashworth (1936) had recognised that keeping non-revenue-producing shared areas to 
an efficient minimum was a key principle of planning low-cost accommodation – the 
Lake Shore Drive Apartments were privately sold to a more affluent market segment. 
Writing in the New York Times, Merkel states that although the two-bedroom 
apartments in Lake Shore Drive were smaller than those in the older neighbouring 
buildings, they were popular because of their “airy glass walls, the views they afforded 
and the elegance of the buildings’ details and proportions, the architectural equivalent 
of the abstract art so popular at the time” (Merkel 2010). Ironically, “airiness” is not a 
function of continuous glass curtain walls, and natural ventilation was unobtainable. 
                                                 
 
3 The ratio between saleable floor area and total floor area is also expressed as “net-to-gross” to 
describe cost efficiency. 
 26 Chapter 2: Literature Review 
While views of the lake and surrounds were available, apartments overlooked each 
other in adjacent buildings in the complex, and every façade of the Lake Shore Drive 
Apartments is identical, regardless of its solar orientation. Such a high degree of 
glazing resulted in privacy and overheating issues for occupants. It was assumed that 
HVAC systems would compensate for heat loss or gain; however, the curtain wall 
façades resembled walls of curtains instead, as occupants within these dwellings 
managed the conflict between transparency, and privacy and thermal comfort by using  
internal shading (blinds) to compensate for lack of external shading (Figures 2.2 and 
2.3) thus  compromising the promised scenic views as well. 
  
 
  
Figure 2.2 Lake Shore Drive Apartments, Chicago 1951, designed by Ludwig Mies Van 
Der Rohe. Source: http://farm3.static.flickr.com/2217/2539635991_fcfbac9267_o.jpg. 
 
 
  
Figure 2.3  A Ludwig Mies van der Rohe floor plan for an apartment building at 860/880 Lake Shore 
Drive, Chicago, 1951. Image is owned by Museum of Modern Art, Mies van der Rohe Archive, gift of 
the architect. Source: (Merkel 2010). 
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Understandably, property developers favour the circulation model since it meets their 
business objective of maximising profit (Ebner et al. 2010) through maximising the 
proportion of a structure’s floor area that can be sold to investors or owner-occupiers. 
However, this spatial strategy also results in shared corridors, stairways and lobbies 
that lack natural light and ventilation. In the Australian context, the resulting energy 
costs of providing artificial light and air-conditioning to these common spaces, often 
continuously, are not borne by the developer in the long run, but by the body 
corporate4 of apartment owners (Huxham 2013a), which passes these on to 
individual occupants (either owners or tenants). Huxham’s study of 15 mid-sized 
apartment buildings in Sydney found the average cost of electricity for common 
areas was $400AUD per year per apartment (Huxham 2013a). In a recently 
completed 20-storey Sydney apartment building, each apartment owner paid 
approximately $700AUD per year for electricity used in common areas (Pearsall 
2010) in addition to private consumption in their dwellings. In comparison, an 
average Sydney household electricity account was $1,033AUD per year in 2008 
(Simshauser, Nelson, and Doan 2011), suggesting that apartment dwellers pay a 
premium for energy compared to other households. 
 
Throughout the world, many multi-storey residential building designs employ 
variations of the double-loaded interior corridor circulation system, and it is assumed 
that residents will rely on air-conditioning for indoor climate control in their 
dwellings. The implications are that the poor energy performance of apartment 
buildings represents a significant source of GHG emissions to the community, and 
significant living costs to occupants. 
 
2.1.3 Single-loaded corridor type 
An alternative to the double-loaded corridor type is the single-loaded type, which is 
often promoted by architects for its potential for cross-ventilation. For example, the 
Stanhill Flats in Melbourne (Figure 2.4), designed by Frederick Romberg in 1942 
and completed in 1950, is a gallery-access “slab” type building characterised by its 
                                                 
 
4 A “body corporate” is an owners’ corporation made up of the individual owners of dwellings within 
a single strata scheme (building). Decisions concerning the block and its upkeep are the responsibility 
of the body corporate (Randolph 2006).  
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more or less rectangular floor plate, with several apartments on each floor accessed 
via an external “gallery” corridor system. The “single-loaded” units are arranged on 
only one side of a corridor, which is often unenclosed. One lift is provided in the 
centre of two wings, as well as two stairways at opposite ends of the building. This 
type of layout is perceived as conducive to effective cross-ventilation because two or 
more walls of each apartment have external openings in them. The stairways are also 
availed of natural light and ventilation due to their placement at the building edges.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4 Stanhill Flats, Melbourne. Gallery Access Slab apartment building. Typical floor plan 1st to 
5th Floor. Source: (Australian Institute of Architects 2010a) 
The single-loaded configuration has been popular in Queensland, with notable mid-
century examples being Torbreck’s Garden Block in Highgate Hill (Figure 2.5), and 
Glenfalloch in New Farm. The external walkways are considered attractive as 
pedestrian thoroughfares that shelter occupants from sun and rain in the mild climate 
conditions of the subtropics (Australian Institute of Architects 2010b).  
 
However, the single-loaded gallery presents certain ongoing challenges for architects 
(Ebner et al. 2010). These include privacy and security concerns – with passers-by 
potentially able to look in to dwellings through open windows or doors – and 
construction integrity concerns for fire resistance between individual dwellings and 
the shared walkways. Solutions to both of these problems have seen the apartment 
fronts closed off with solid material below eye level and non-openable transom-type 
windows above eye level. The effect compromises both cross-ventilation and casual 
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surveillance of comings and goings on the walkway. These outcomes render the 
single-loaded gallery-access apartments’ performance on cross-ventilation and social 
interaction no better than apartments with closed interior corridors (Ebner et al. 
2010) and may be the reason that Ashworth (1936) also dismissed the external-
balcony approach as being undesirable except for very low-rental type tenements.  
 
 
Figure 2.5 Torbreck Garden Block walkway, Highgate Hill. Image: Teresa Sze Nga Liu 2011. 
2.1.4 Point access type 
 
The “point access” type is a variation of the double-loaded corridor type, where one 
or more apartments are arranged around a lift core. The difference is that fewer 
dwellings open on to the lobby at each floor, and this is considered by some to offer 
social and practical advantages. For example, fewer interactions are required in 
shared circulation spaces, and fewer people need to use the lifts, thus reducing 
waiting and travel time. 
 
2.1.5 Homogeneity and the uptake of air-conditioning for indoor climate 
comfort  
 
Acceptance of the “double-loaded” interior corridor typology and its variations has 
increased the reliance of multi-storey housing types on active systems for heating, 
cooling and mechanical ventilation, and in a vicious cycle, the reliance on these 
systems for indoor climate control has allowed the proliferation of generic MSAB 
typologies in disparate climates and cultures.  
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The Chicago progenitor (Lake Shore Drive Apartments) and countless imitators 
derived from its design in the USA were products of that country’s energy-intensive 
post-World War Two economy (Oldfield, Trabucco, and Wood 2009). However, 
despite the efforts of mid-20th-century modernist architects in countries like Brazil 
and India, other economies, including developing countries in tropical and 
subtropical climates, aspired to emulate International Style buildings with their 
connotations of success (Goncalves 2010). The inevitable result is a mismatch 
between buildings and climate, and disproportionate energy budgets (UN-Habitat 
2008). Designs for buildings, whether residential or commercial, are now widely 
seen as being interchangeable from place to place, and able to be built anywhere, 
regardless of the local economy, culture or climate (Shields 2003, Wood 2007). The 
homogeneous multi-storey residential apartment building disregards prevailing 
climate, landscape or lifestyles (Wood 2007). Though some modern towers have 
regional attributes (Howeler cited in Chee-Kien & Pieris, 2011), the vast majority are 
based on energy-dependent North American models.  
 
This section has described the dominant physical types of MSABs and has pointed to 
the spatial organisation of the building itself and the relationship between collective 
areas and private spaces as being a major factor in the high operational energy 
requirement of this type. 
 
2.2 THE EFFECT OF REGULATIONS ON BUILDING FORM AND 
LAYOUT AND ENERGY INTENSITY OF MSABS 
Most apartment buildings contain a wide range of common equipment and lighting 
that significantly consume energy (Huxham 2013b). MSABs are unlike other 
residential structures in that functions such as travel between levels, water supply, 
and mechanical exhaust are intrinsically linked to the uninterrupted supply of 
electricity (Oldfield, Trabucco, and Wood 2009). The operational energy of MSABs 
is increased (Pears 2005) because the provision of services is more complex the taller 
the building (Craighead 2009). Similarly, the material-intensive type of construction 
that multi-storey structures require for structural integrity and fire-resistance 
represents high embodied energy (Pears 2005) and this increases as buildings 
increase in height. As the scale of building increases, the requirements for off-street 
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car parking to be provided also escalate. Thus, parking structures graduate from 
individual carports and garages to common parking areas on ground level, to larger 
common parking structures over several levels, accommodating more vehicles in 
basements or in podiums and further contributing to embodied and operational 
energy.  
 
The main concern of building regulations governing circulation systems in MSABs is 
not to encourage air flow, nor is it to find ways to design multi-storey residential 
buildings as an attractive social framework. Rather, the objectives of the Building 
Code of Australia (BCA) Volume 1, Section D “Access and Egress”, are to provide 
occupants “safe, equitable and dignified access” to their buildings and to “safeguard 
occupants from … injury while evacuating in an emergency” (ABCB 2013). Thus, 
regulations are concerned with the number and location of stairways and ramps that 
serve as emergency exits and the “paths of travel” from dwellings to these exits 
(ABCB 2013), and can constrain the ways in which dwelling units may be arranged 
in MSAB floor plans. For example, high-rise apartment buildings above an effective 
height of 25 m (approximately eight storeys) require at least two stairways for 
emergency egress. Each dwelling that is not at ground level should have access to at 
least two exits; no dwelling entrance doorway may be more than 6 m from an exit or 
a point from which travel in different directions to exits is available; alternative exits 
must be no closer than 9 m apart, and not more than 45 m apart; alternative paths of 
travel should not converge and cannot be less than 6 m apart.  
 
As well as the prescribed travel distances and number of exits, certain construction 
types are specified to ensure that required exits are fire-resistant. If a stairway 
serving as a “required exit” passes through more than three consecutive storeys, it 
must be fire-isolated and constructed of non-combustible materials. An external 
stairway can be a required exit only if it serves storeys below a height of 25 m and is 
protected from fire. The BCA provides non-mandatory “deemed-to-satisfy” (DTS) 
ways of complying with regulations such as those listed above.  However, these 
solutions have one main focus, expediency of compliance, and can negatively 
influence the spatial and material quality of circulation spaces, leaving them 
generally unpleasant and uninviting, and deterring residents from lingering any 
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longer than necessary, or from using stairs in any circumstances other than a fire 
emergency (Ebner et al. 2010). 
 
Section F of the BCA Volume 1, “Health and Amenity”, requires the ceiling heights 
of “habitable” rooms in dwellings to be at least 2400 mm high, but those of kitchens, 
laundries and passageways may be 2100 mm high. According to Sections F4.3 and 
F4.7 respectively, natural lighting and ventilation must be provided to all habitable 
rooms, but may be “borrowed” from an adjoining room (with conditions). No 
guidance is given on rates of ventilation or levels of daylight.5  
 
The tools that planners use to manage density also constrain the form and size of an 
MSAB. Planning jurisdictions often employ “plot ratio” as one of the main 
mechanisms to determine a building’s maximum permissible gross floor area (Chan, 
Tang, and Wong 2002). It is the ratio between the total floor area of a given building 
and the area of its site. For example, if a 10-storey building with 1000 m2 floor area 
per floor is placed on a 10,000 m2 site, the plot ratio would be 1.0. The definition of 
“total floor area” differs according to the objectives of the particular jurisdiction and 
may or may not include some parts of a building, such as the exterior balconies of 
dwellings. Other mechanisms are form-based codes that are intended to control the 
height and bulk of buildings in line with certain planning principles (Walters 2007). 
For example, in Brisbane (Brisbane City Council 2014b), the mechanisms include 
“site cover”, which is the proportion of the site covered by a structure expressed as a 
percentage (40% in Brisbane’s high-density residential zone); “building envelope”, 
which is the three-dimensional extent of where a building may be built on a site after 
considering the limits set on height, set back and other measures; and maximum 
length of walls (50 m in high-density zones and 30 m in medium-density zones). 
 
                                                 
 
5 The National Construction Code simply calls for natural lighting to be provided to every habitable 
room by windows that have an aggregate light transmitting area of not less than 10% of the floor area 
of the room; and are open to the sky or face a court or other space open to the sky or an open 
verandah. Aggregate openable area must be at least 5% for natural ventilation (ABCB 2013).  
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2.3 RESIDENTS’ PERCEPTIONS OF MULTI-STOREY APARTMENT 
LIVING  
2.3.1 The residential environment and resident satisfaction 
Numerous empirical studies of residential satisfaction have been applied to the 
“residential environment” to examine the physical and social quality of the built 
environment. These studies from the fields of sociology and psychology demonstrate 
that environmental quality is important to people’s feelings of well-being and 
satisfaction. In environmental psychology, “theory of place” is used to explain 
individuals’ liveability expectations developed through views of their experience of 
pleasure or gratification derived from living in a specific place. Canter and Rees 
(1982) identified three dimensions of the residential environment – the dwelling, the 
neighbourhood, and the neighbours – that are important in evaluations of residents’ 
satisfaction. Following this, Bell, Greene, Fisher and Baum (2001) summarised the 
results of several studies conducted in the mid-1990s. They described four factors 
that consistently predict housing satisfaction: (1) physical aspects including 
construction quality and facilities to support basic living needs; (2) how housing 
space affects perceptions of privacy or crowding; (3) perceptions of neighbourhood 
safety: and (4) relationships with neighbours and sense of community. However, the 
dimensions of the residential environment are often studied in isolation from each 
other, and little is known about the mutual interaction of these components 
(Adriaanse 2007). Furthermore, most researchers have focussed on the 
neighbourhood dimension (Lewicka 2010).  
 
For the most part, empirical research on high-rise dwelling satisfaction and socio-
environmental factors is concerned with residents’ perceptions of a mix of factors, 
from the management of the building complex to characteristics of collective areas of 
MSABs. For example, Phillips, Siu, Yeh and Cheng (2005) sought elderly Hong 
Kong residents’ perceptions of 10 interior characteristics that included indoor 
lighting, lighting in shared corridors, ventilation, crowdedness, temperature, security 
devices, stairs, lift, security management in block and special facilities (such as an 
alarm system). However, they did not specify or differentiate between the interior 
environment components of the private dwelling and the overall building. Phillips et 
al. (2005) found that the interior environment had a greater impact on residential 
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satisfaction than the exterior environment although these were appraised using 
different evaluation measures. 
 
Similarly, Lee, Je and Byun (2010) evaluated residents’ perceptions of the residential 
spaces of privately owned super-tall residential buildings (STRBs), which are 30 
storeys or higher, in Seoul. In order of importance to residents, the top level well-
being indices of residential quality were:  
1. health (physical and mental); 
2. safety and security (structural safety, protection of privacy and safety 
from external threats);  
3. ecological environment (materials and resources, energy efficiency); 
and  
4. convenience (of use) and management (of building facilities).  
 
Residents of STRBs generally perceived that upkeep of shared facilities, indoor air 
quality and ventilation, and thermal comfort were indicators of a physically healthy 
residential environment, while indicators of psychologically healthy dwellings were 
daylighting and view, freedom from annoying noises, the sense of spaciousness (as 
opposed to a sense of overcrowding) and the quality of collective areas that allow 
residents to control the intensity of interaction with their neighbours (Lee, Je, and 
Byun 2011).  
 
Instructively, Pacione (1984), who considered high-rise social housing in Glasgow, 
differentiated between the dwelling and the building and nominated the major 
parameters of residents’ satisfaction with the environmental quality of the dwelling 
unit as follows:  
1. internal design and outlook;  
2. standard of building and internal repair measured by efficiency of 
heating system and the cost of heating;  
3. privacy from neighbours measured by amount of outside noise, 
amount of noise from neighbours, and amount of outside space for 
personal use; and  
4. external appearance of the dwelling.  
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Gifford (2007) has systematically reviewed and summarised the results of research on 
the influences of high-rise living on residents’ experiences and satisfaction. He 
observes that despite a long list of complaints and fears about high-rise living, these 
are not necessarily based on evidence, yet few writers hypothesise that high-rise 
buildings will lead to positive outcomes for residents. Gifford explains that the 
shortage of research itself is a problem, and notes the urgent need for more and better 
quality research on the effects of living in high-rise buildings on behaviour and 
physical and psychological health. He argues that housing research is complex and 
difficult to complete because outcomes are determined by multiple factors.  
 
Most of the residential satisfaction studies that Gifford reviewed pertain to mass social 
housing and are dated, having been conducted in the 1960s and 1970s. The majority of 
these studies have involved lower socio-economic groups and housing of certain social 
groups considered to be “vulnerable” – the elderly, the marginalised, the mentally ill 
and low-income families. Amerigo and Aragones (1997) posit that these studies are 
particularly interesting because the subjects cannot move away if they are dissatisfied 
with their residential environment. One of the main differences between resident 
satisfaction in public and private housing is “choice” (Gifford 2007). Unsurprisingly, 
high-rise living is more satisfactory for residents when dwellings are located in better 
neighbourhoods and are chosen by the resident.  
 
However, Gifford uses the evidence presented to speculate that although the negative 
consequences of high-rise living are numerous, only some are caused by the design of 
the building; most are influenced by non-architectural factors, including the 
characteristics of the residents themselves and the surrounding physical context. 
Urban’s (2012) more recent observations of mass housing in cities across the globe 
point to reasons connected with systemic social, cultural, economic and environmental 
factors – such as housing policy, social planning, and building management culture 
and processes – for the lack of resident satisfaction. 
 
Despite Gifford’s comprehensive review of empirical findings about the social and 
psychological effects of apartment living, little was revealed on the residents’ 
experience of the dwelling itself, or the qualities or features that influence residents’ 
perceptions of environmental quality, or how residents’ experience of their private 
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living space may be aggravated by or ameliorated by the impacts of the broader 
context, particularly climatic conditions.  
2.3.2 Measures of residents’ perceptions of comfort 
Residents’ comfort is situated on a continuum where their physiological and 
psychological needs are met (Amerigo and Aragones 1997, Lee, Je, and Byun 2011, 
Adriaanse 2007). Evaluations of the environmental performance of buildings that 
encompass a definition of occupant well-being must integrate “health, comfort and 
happiness” (Steemers and Manchanda 2010). These interrelated aspects lie on a well-
being spectrum, where “health” parameters range from the directly measurable (for 
example, physical indications such as body temperature) to the immeasurable 
(psychological indicators such as feelings of delight). “Comfort” is situated on the 
well-being spectrum where parameters that comprise both quantifiable factors (for 
example, temperature and luminance) and qualitative considerations (for example, 
perception and beauty) are in balance. “Happiness” embraces the emotions 
experienced when in a state of well-being. Contextual factors create experientially 
rich indoor environments (Chappells 2010), and to translate “health, comfort and 
happiness” attributes of well-being into building design and performance, designers 
need to understand the complex interaction of occupants’ subjective perceptions 
while providing for objective comfort parameters (Steemers and Manchanda 2010).  
2.3.3 Objective measures of environmental quality 
The objective environmental performance of buildings is measured in terms of 
how the structure mediates between internal conditions and the external environment. 
Evaluations comprise quantifiable factors that include illumination, acoustics, air 
quality, and thermal comfort. The factors are interrelated, with their combined effect 
influencing the overall indoor environment quality (IEQ) of the dwelling. People 
perceive these environmental factors in terms of satisfaction with how comfortable or 
not they feel, but generally, people are not overtly aware of ambient physical 
conditions and tolerate a range of variation (Hedge 2000) unless limits of comfort are 
exceeded.   
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Illumination  
Most people prefer daylit spaces, and the liveability benefits of natural light in the 
home relate to physical and psychological health (Baker and Steemers 2002). 
Lighting quality of internal environments is critical for the performance of various 
tasks in the domestic environment, but the aim of lighting design goes far beyond the 
provision of a given quantity of illumination (Tregenza and Wilson 2011). Lighting 
is essential to our perceptions of colour, form, beauty and aesthetics, views, privacy 
or exposure, and so on. Illumination is provided by both artificial lighting and 
daylight, and both are implicated in various physical and psychological benefits and 
harms to human health. Lighting levels that are too high can cause discomfort glare, 
while those that are too low may cause eye strain, or unsafe conditions, if visibility is 
impaired. Periods of darkness are as necessary for human health as exposure to 
bright light, and in a healthy state of illumination, the light–dark cycle is 
synchronised with a person’s natural 24-hour activity-sleep cycle,  the circadian 
rhythm (Tregenza and Wilson 2011). An abundance of artificial light in the urban 
environment can disrupt this cycle, and a lack of exposure to daylight is linked to 
depressive illnesses (Baker and Steemers 2002). Awareness of the natural 
changeability of daylight is stimulating, and important for our sense of connection to 
the varying outside world conditions (Tregenza and Wilson 2011). Design criteria for 
lighting are derived from published standards; however, no matter how attentively 
the standards are followed, or how extensive the criteria are, good lighting is not 
guaranteed (Tregenza and Wilson 2011). This means that the standards cannot 
substitute the designer’s understanding of the needs of the people who will live in the 
building (Hedge 2000). 
 
Acoustics and environmental noise (unwanted sound)  
High levels of environmental noise are known to cause annoyance and sleep 
disturbance, and may exacerbate other health effects (Croome 1977, Naish, Tan, and 
Nur Demirbilek 2012, van Poll 1997). Bassett Acoustics (2007) reported that 14-25% 
of dwellings in Australian cities are exposed to noise levels above 55 dB(A), the 
maximum level recommended by the World Health Organisation (WHO 2004), 
above which the risk of annoyance and negative effects on sleep increases. The most 
sensitive time for environmental noise is between 10 p.m. and 7 a.m. (WHO 2004). 
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Varying tolerance to different noises may depend on whether the noise is constant or 
intermittent, anonymous or identifiable, as well as the time of day that it occurs 
(Croome 1977).  
 
Air Quality  
Key interior air quality issues in dwellings are related to emissions derived from both 
internally generated sources (for example, cooking fumes) and to external pollution 
(Kotani et al. 2003). According to Morawska (2009), over 60% of pollutants that are 
present outside (for example, ultrafine particles in traffic exhaust) are also found 
indoors. Rather than advocating alternative ventilation so that windows can be kept 
closed, Morawska argues for natural ventilation to disperse pollutants (Morawska, 
2009). Air-conditioned internal spaces are not recommended for healthy living, 
particularly because the set point temperature of the air-conditioned air is likely to be 
well below ambient conditions for warm climates and contribute to deteriorating 
services and finishes, and increased mould growth and Legionnaires disease.  
 
Thermal comfort  
Human responses to the thermal environment depend primarily on the simultaneous 
effects of four climatic variables: air temperature, humidity, radiation and air 
movement (Koenigsberger et al. 1973). The effect of humidity on human comfort is 
most noticeable when air temperature is high and air movement is low (Robeson and 
Burton 1975). Furthermore, the sensation of comfort or discomfort that individuals 
experience is influenced by a number of individual factors, including age, gender, 
body shape, state of health and individual thermal preferences due to acclimatisation 
(Bridgman 2003, Lee 2000). A person’s level of activity and level of clothing also 
influence feelings of thermal comfort, though generally these are subjective factors 
that can be varied at the individual’s discretion.  
 
Due to daily and seasonal variations associated with locations and climates, and the 
everyday routines and rituals of living in a dwelling, there is no single ideal condition 
that offers all the requirements of individual comfort at one time; therefore, a well-
designed dwelling is one that provides a diverse range of conditions that enables 
individuals to meet personal sensory requirements (Chappells 2010). Table 2.1 below 
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summarises the relationship between objective performance attributes and how these 
are perceived subjectively by occupants.  
 
2.3.4 Attributes and properties of place  
Environmental conditions (such as air flow, sound level, and intensity of light) 
also directly affect possibilities for behaviour relationships by limiting or enhancing 
people’s ability to smell, hear, or see, other people and activities (Zeisel 2006b), as 
can interpersonal distances and properties of place in the residential environments. 
Canter and Rees (1982) make the point that any place can only be clearly defined in 
relation to those other places of which is it composed and of which it is a part (p. 5). 
 
The shape of a setting primarily affects visual and perceptual relationships. People 
can choose to use the cues that shapes provide to consider areas within one space as 
separate spaces (Zeisel 2006b). Orientation of one place to another also influences 
social interactions. Two places oriented so that people using them have a higher 
chance of casually seeing or meeting one another (for example, entries to apartments 
or balconies) may be considered “functionally” closer than two equidistant places 
oriented to minimise chance encounters (Deasy and Lasswell 1985). The size of a 
setting either offers opportunities for people to put distance between themselves or 
limits their options (Zeisel 2006b). Size and layout of space, and attributes of 
proximity or functional distance, contribute to perceptions of crowdedness or 
spaciousness (Huang 2006). “Proxemics” (Zeisel 2006b, Rapoport 1969, Hall 1963) 
and sharing – notably, proximity to neighbours and shared structure and spaces – are 
defining aspects of multi-storey apartment living. In the residential environment, 
proxemics are linked to privacy, and concern notions of personal space, particularly 
the preference or desire for a place that is identified as one’s own (Deasy and 
Lasswell 1985, Bell et al. 2001). Overall, the available level of control by residents 
over use of space in the home, and over privacy and annoyances seem to be behind 
the general preference for detached houses over other types of housing (Herzog, 
1992, cited in Bell et al. (2001).  
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Table 2.1 
Objective Attributes and Indicators of Environmental Performance Quality of Dwellings  
Objective attributes Indicators 
 
Illumination Natural light or artificial light  
Psychological health – circadian rhythms 
Visual comfort – privacy 
Visual comfort – absence of glare 
Task safety 
Eye health 
Acoustics Aural comfort – absence of loud noise 
Aural comfort – adequate sound quality  
Aural comfort – absence of nuisance noise, annoyance  
or distraction  
Aural comfort – privacy 
Psychological health – sleep deprivation 
Thermal comfort  
 
Temperature  
Humidity 
Radiation  
Air movement 
Air quality  Ventilation – fresh air / unwanted odours 
Space and layout Crowdedness or spaciousness 
Proximity or functional distance  
 
2.3.5 Environmental influences on residential satisfaction in MSABs  
Overall, residents of privately owned MSABs in Seoul considered daylighting and 
views to be the strong points of high-rise living, but they desired improvements in 
noise performance, natural ventilation and thermal comfort of their dwellings (Lee, 
Je, and Byun 2011). Similarly, residents in Vancouver’s False Creek North high-
density neighbourhood valued large windows for views, much-needed light and a 
sense of spaciousness, but also reported overheating and visual privacy issues (Hofer 
2008). Residents reported that they juggle ways of managing personal boundaries 
while they live in very close proximity to each other (Hofer 2008).  
 
Indoor air quality and noise levels emerged as important attributes of residential 
environmental quality in various studies. For example, in Japan, residents of high-
rise buildings with apartments arranged around light wells (Lee, Je, and Byun 2011, 
Kotani et al. 2003) were generally satisfied with illumination levels, but noise in the 
atrium was noticeable. The top noise source was children’s voices, followed by 
conversations, footsteps and the sound of apartment doors. Indoor air quality 
problems caused by inadequate ventilation in high-rise residential buildings have 
serious implications for resident health and comfort, with the spread of cooking 
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odour being one of the main issues in Korean MSABs (Kim 2012, Diamond, Feustel, 
and Dickerhoff 1996). Residents in Hong Kong linked better indoor environmental 
quality with lower risk of disease outbreak (Wong et al. 2009). In many cities, traffic 
is the major external contributor to pollution inside MSAB dwellings. The ultrafine 
particles emitted in petrol exhaust are particularly harmful to human health, and 
concentrations of fine particulates are highest within 100 m of the source (Morawska 
2009). In Seoul, dwellings on higher floors were sought after for cleaner air (Fung 
and Lee 2011), less noise and better views, and attract premium prices (Hele 2013, 
Fung and Lee 2012, Jim and Chen 2009).  
Residents in Singapore’s high-rise residential towers valued higher floors for views 
and privacy, but worried about security, safety, vertigo, and lift breakdown. 
Residents on lower floors were concerned about noise from passers-by and street 
traffic, view obstructions, lack of privacy, and odours from garbage (Yuen 2007, 
2011, 2004, Yuen and Nyuk Hien 2005, Yuen et al. 2006, Yuen and Yeh 2011). By 
contrast, in densely built up Hong Kong neighbourhoods, solar access is valued more 
highly than views (Lau, Ng, and He 2013, Lau, Ng, and He 2011). Ng (2003) also 
suggests that inhabitants may be acclimatised to accept lower daylight levels in Hong 
Kong’s high-density dwellings than performance standards recommend. Most people 
surveyed by Ng (2003) were indifferent to daylight levels until a specific low 
threshold was reached and satisfaction markedly dropped. In Tokyo, building-centred 
emergency plans that offered residents resilience in a crisis outstripped views as 
selling points for new apartment buildings in that city according to Buerk’s article 
“Japan earthquake: Tokyo loses skyscraper passion” reported in BBC News 
Magazine Tokyo in September 2011 (Buerk 2011). 
 
Meanwhile, objective assessments of IEQ do not necessarily strictly align with 
subjective perceptions, with several studies noting wide differences between 
residents’ qualitative evaluations and assumed standard benchmarks. People 
generally seem to tolerate lower lighting levels and wider bands of thermal comfort, 
but there is less satisfaction with air quality and noise attenuation, suggesting that 
these are key IEQ attributes that require better attention.  
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2.4 SUSTAINABILITY, DENSITY, HOUSING TYPE AND URBAN 
EMISSIONS 
As worldwide attention focuses on the urgent need to address both the causes 
and effects of climate change, and as the global population grows, with the urban 
population overtaking that of rural areas (UN-Habitat 2013), some strategies to 
reduce GHG emissions are concentrating on buildings and urban forms. Buildings 
are either directly or indirectly responsible for about half of the world's GHG 
emissions, both in their construction and operation, and as a result of fuel consumed 
in travel between them (Newman, Beatley, and Boyer 2009). Housing and transport 
are Australia’s two largest contributors to GHG emissions (Newton et al. 2012). The 
physical density of urban areas, combined with the population density of buildings 
and the spread or mix of uses, affects the level of energy required for transportation. 
Low-density urban form is often described as “urban sprawl”, and is heavily 
implicated in high levels of GHG emissions generated by people travelling between 
different land uses (for example, home and workplace) using fossil-fuelled 
transportation, such as private automobiles (Newman and Kenworthy 1988). In 
Australia, urban planning authorities have been advocating urban consolidation to 
manage urban growth and limit urban sprawl for at least the past three decades 
(Queensland Government 2009, State of Victoria 2002, NSW Government 2013). 
 
Cities seeking to incorporate policies leading to sustainability generally consider 
energy policy to be a critical component of their urban agendas (Roosa 2007). The 
benefits of urban consolidation quoted by most advocates include the downward 
effects on energy demand of the interplay of mass transport systems and efficient 
infrastructure, cheaper utility costs and decreased land consumption (Burchell et al. 
2002). However, high-density built form also has significant counter-effects on 
energy demand (Hui 2001). For example, in very dense cities like Hong Kong, with 
thousands of tall buildings, essential energy needs are ever-increasing since these 
structures are energy-dependent (Pederick 2013). Also, heat released and trapped by 
the concentration of high-rise and large buildings intensifies the urban heat island 
effect in these cities, which in turn further increases the demand for air-conditioning 
(Birkeland 2008, de Schiller, Bentley, and Butina Watson 2006). 
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Thus, the relationship between density and overall emissions is not that 
straightforward (Moughtin 1996). Gray, Gleeson and Burke’s (2008) systematic 
review of research into the impacts of urban consolidation on energy consumption in 
Australian cities suggests that density alone does not have a clear independent 
influence on overall urban energy and GHG emissions. Gray et al. (2008) conclude 
that although housing strategies are inseparable from land-use strategies, factors 
other than urban consolidation and higher densities are important for urban 
sustainability in the Australian urban system, and that influences on energy demands 
and emissions depend on geographical, social and political contexts.  
 
Claims that compact urbanisation is more sustainable than low-density sprawl need 
to be treated with caution. A study conducted in Sydney confirmed that increasing 
urban density is associated with decreased car ownership and use, and suggests that 
medium-density housing forms (such as low-rise apartments, townhouses and 
terraces) are likely to result in the lowest per-capita energy use while allowing for 
sufficient densities to make frequent public transport viable (Rickwood 2009a). After 
controlling for major household demographic and income variables that affect energy 
consumption, estimated energy use in low-rise attached dwellings in Sydney was 15-
20% lower than detached dwellings with the same number of bedrooms (Rickwood 
2009b).  
 
Nevertheless, various studies carried out by Australian researchers found that far 
from resulting in an urban form characterised by lower-energy consumption, some 
higher-density housing types actually contribute to greater overall energy use 
(Wright 2010). Myors, O’Leary and Helstroom (2005), also working in Sydney, 
compared the GHG emissions per dwelling and per capita of the following Sydney 
housing types: detached houses, townhouses and villas, low-rise (up to three storeys 
high), mid-rise (residential apartment buildings four to eight storeys high) and high-
rise (residential apartment buildings nine or more storeys high). They found that the 
high-rise housing had the highest GHG emissions per dwelling and per person, and 
that the mid-rise housing had lower GHG emissions per dwelling than detached 
housing, but higher GHG emissions than all other forms on a per occupant basis. To 
put this into perspective, on average, the total per capita GHG emissions for 
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apartment households exceeded those of both inner and outer suburban households 
occupying other housing types in Adelaide (Perkins et al. 2009).  
 
2.4.1 The relationship between density and building heights  
The dominant paradigm of contemporary urban planning in the USA and 
Australia accepts that density and the height of buildings correspond. In this 
paradigm, medium densities can generally be achieved with stacked (multi-storey) or 
walk-up townhouses or flats, but highest densities require “elevator-and-corridor-
accessed” dwellings in apartment buildings (Ellis 2004). In the Queensland urban 
planning context, planning authorities generally accept that, as densities increase, so 
do the number of storeys in buildings. “Densities” are defined in the City Plan 2000 
(Brisbane City Council 2009) in terms of the number of storeys in a building: “low 
density” is up to three storeys high; medium density is four to eight storeys high; and 
high density is nine or more storeys high.6  
Table 2.2 
Height/Density Comparison. Source: (Firley and Stahl 2009) 
Typology  Name Location Typical 
Construction 
Date 
Height 
No of 
floors 
Density 
(du/ha) 
Courtyard Houses Patio House 
 
Quito, Ecuador Late 19th 
century 
2 24 
Row Houses Chinese Shophouse Singapore 1840–1900 2 54 
 Terrace House London 1840–1860 4 68 
 Longtan House Shanghai 1870–1930 2 26 
Apartment 
Buildings 
 
Post-Hausmann 
 
17th Arrond. Paris 
 
1860–1900 
 
7 
 
225 
 Casa de Renta Eixample, Barcelona 1860–1924 6 200 
 Early Residential 
Tower 
Upper East Side 
New York 
1870–1929 16 97.3 
 
But “density” is not purely a matter of architectural form superimposed over urban 
form (Firley and Stahl 2009). Table 2.2 above shows a comparative typological 
analysis of a range of urban housing types in various cities around the world. 
Through these comparisons, one can see that height increases with density, but 
density does not necessarily increase as buildings rise higher. Negative community 
                                                 
 
6 The Brisbane City Council ePlan, a new planning scheme, describes multiple dwellings in the 
medium density residential zone as being “high-density, medium rise, up to 5 storeys”; and those in 
the high density residential zone as being “high-density, medium to high rise, up to 15 storeys” 
(Brisbane City Council 2014a).  
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sentiment toward “density” and apartment towers (Fraser and Gaynor 2010, Vogler 
2010) is often created by building heights that are perceived to be well above the 
existing scale of their urban surroundings (Churchman 1999).  
 
2.4.2 Compact urbanisation (density) and perceptions of liveability 
In the framework of sustainability, not only are environmental matters of GHG 
emissions reductions paramount, but a positive relationship between residents and 
their environment is also a priority. Thus, planners and urban designers often link 
increasing urban density to concepts of increasing urban liveability (Calthorpe 1993). 
However, Neuman (2005) cautions against tacit acceptance of claims that liveability 
is linked to density, or that density is greater in one form of settlement than another. 
Rather, liveability is a matter of personal preference for certain qualities (Neuman, 
2005). For many in the community, the notion of “density” conjures up notions of 
crowded urban conditions with reduced amenities and few open spaces (Churchman, 
1995, cited in Howley et al., 2009). Although the public may support sustainability 
principles, “there is a perception among many that high-density development poses 
too great a cost on individuals’ quality of life” (Howley, Scott, and Redmond 2009) 
(p. 848). Traffic noise and air pollution, security issues, parking and transport 
problems and inadequate facilities in the neighbourhood are identified as contributors 
to low quality of life.  
 
Congruity between people and their environment requires an expression of 
satisfaction with the objective qualities of this environment (Moser 2009). Unless 
residential environments are considered by residents to provide the qualities that 
matter to them, they impede what the individual considers as their quality of life and 
will remain discordant with community expectations and policy-makers’ intentions. 
“Density”, as used by planners, is simply an objective description of the numbers of 
people in relation to a particular area of land (Ellis 2004). For example, planners 
often use dwelling units per hectare (expressed as du/ha) as an indication of 
population numbers. However, describing a development project in terms of its 
“density” at the planning stage does not reveal anything to the community about the 
potential qualities of a neighbourhood, the kinds of configurations of streets and 
buildings, or the qualities of the dwellings that are proposed (Churchman 1999). 
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Residents’ subjective perceptions of density are influenced by signals in the 
environment that represent people and their activities, and are quite distinct from 
objective measures of density (Howley, Scott, and Redmond 2009). Community 
opposition to the abstract notion of density may lie in semantics (Ellis 2004), but the 
fact that planning codes generally impose a maximum limit on density also imparts a 
negative connotation regarding the consequences of greater density (Wurst 2004).  
 
Nevertheless, De Roo and Miller (cited in Howley et al., 2009) question the 
“liveability” credentials of compact city environments, particularly in cities where 
speculative, developer-led, high-density urban development produces low-quality 
apartment buildings and surrounding urban environments. According to Troy (1996), 
this is the “ugly reality” of promises of vibrant liveable communities, made by 
governments on behalf of developers, that have “not been kept by developers, 
whereas the fears of residents and their councils have been confirmed in concrete” 
(p. 163).  
 
When urban planning objectives intersect with urban design and architecture, dense 
housing form may be viewed more favourably. For example, in Vancouver’s False 
Creek North, dwellings such as row-housing, which address the street directly, made 
a substantial positive contribution to community perceptions of neighbourhood 
character, despite such dwellings only comprising less than 2% of all new dwelling 
units within new high-density neighbourhoods (Macdonald 2005). Though a 
neighbourhood may actually be predominantly made up of apartment towers, much 
of what is immediately discernible at street level is constituted by human-scale 
townhouses and row-housing. However, the towers contribute to the critical density 
in terms of numbers of people, which creates lively streets and encourages 
neighbourhood amenities, including local retail, parks and community centres 
(Macdonald 2005).  
 
While negative perceptions of density and apartment buildings are frequently 
portrayed in the local media (Vogler 2010, Fraser and Gaynor 2010), research that 
investigated residents’ first-hand evaluations of their day-to-day experience of living 
in Brisbane’s inner urban high density neighbourhoods found that the majority of them 
are “very” to “extremely” satisfied with both their neighbourhood and their dwellings 
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(Buys and Miller 2012). This indicates that, in contrast to reported negative attitudes 
towards high-density living (Bishop and Syme 1995, Troy 1996), quite a high degree 
of congruity exists between these residents and their environments. Nevertheless, these 
residents acknowledged several environmental aspects that depreciate their living 
experience, the most notable being traffic noise and sirens, followed by poor 
integration of public transport infrastructure with high-density development. These 
resident-identified shortcomings are consistent with the findings of various studies of 
residential satisfaction with high-density apartment living in Australia (Hodges et al. 
2011, Easthope and Judd 2010), Vancouver (Hofer 2008) and Seoul (Lee, Je, and 
Byun 2011). These data indicate that there is a difference between the predictors of 
residential satisfaction and the attributes that residents perceive to be important 
indicators of environmental quality, and point to complex interrelationships between 
residents’ experiences and multiple physical and psychological domains (Buys, Vine, 
and Miller 2013). 
 
2.5 FACTORS AFFECTING HOUSEHOLD RESOURCE CONSUMPTION 
Ecological footprint analysis (EFA) reduces the relative environmental impact 
of all categories of a good or service to a common measure: that of land area 
(Wackernagel and Rees 1995). A UK study into the development of sustainability 
ratings for homes, cited by Frame and Vale (2006), calculated that the overall EFA 
of a typical household is determined by the following:  
1. factors related to the building and dwelling, such as resource use in the home 
and the “fabric” of the structure;  
2. factors related to the larger urban context, such as land use and fabric of 
infrastructure; and  
3. behavioural factors related to choices households make regarding 
transportation mode, food source, attitude to consumer items (choice to 
acquire, replace and upgrade) and wastage.  
 
While the EFA is a “broad-brush” tool, the study found that the impact of 
neighbourhood and urban-wide-scale factors is considerably greater than that of 
building-scale factors. Significantly, the four aspects listed under “behaviour” made 
up over 60% of the total impact of a household. The researchers estimated that 
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behavioural changes can result in at least a 22% reduction in the ecological footprint 
of the typical household without physical changes to the fabric of the home, or 
structure of the urban context (Frame and Vale 2006).  
 
Research by Newton and Meyer (2012) was aimed at assessing how much of 
Australia’s urban resource consumption is “designed into” its cities and housing, and 
how much is related to the discretionary behaviour of an individual or household. In 
this study, households’ resource consumption was calculated from seven Melbourne 
precincts representative of archetypical new outer greenfield suburbs, long-
established middle suburbs, and redeveloped inner-city neighbourhoods, thus 
representing contrasting levels of density and public transport access. While it was 
found that dwelling type and context – and, to a lesser extent, location – emerged as 
significant determinants of the consumption of water, energy, appliances, urban 
travel and housing space, small or single-person higher-income households 
consumed more dwelling-centred resources than other socio-demographic groups.7  
 
While single-person households are unable to average out their resource use among 
other household members, it is noteworthy that this demographic is the fastest-
growing in Australia (ABS 2011), and is projected to grow from 1.9 million in 2006 
to 3.2 million in 2031. Nationally, the dominant household size is currently two 
persons per household (34%) and the proportion of lone person households is 24.3%. 
Meanwhile, ABS census data from 2011 shows that 74% of all dwellings in Australia 
are separate houses, and only 7.6% are high-density dwelling types (Profile.id 2011).  
 
A Grattan Institute study of Australian housing preferences found that the separate 
house remains the ideal housing type, while apartments are the least preferred 
(Hodges et al. 2011). These preferences are consistent among all demographics 
(Randolph 2006). Nevertheless, many single-person households dwell in apartments 
and this number will increase in the future as high-density dwelling types increase as 
a proportion of housing stock (Salt 2003, Randolph 2006). Indeed, Urbis’ Brisbane 
Apartments Insights report (2014) confirmed that 47% of apartments sold in 2013 in 
                                                 
 
7 Newton and Meyer (2012) also point out that many households in the Melbourne survey are likely to 
be singles or couples aged over 60 years and occupying large detached family houses.  
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the inner-5 km radius of Brisbane’s CBD were one-bedroom dwellings, and, together 
with two-bedroom dwellings, these types accounted for 94% of the 20,628 
apartments currently under construction or with planning approval as at the fourth 
quarter of 2013. The percentage of studio apartments was negligible, and apartments 
with three or more bedrooms made up just over 4% of new dwellings in apartment 
buildings. 
 
The combination of lower-occupancy rates of apartment-dwelling households, higher 
embodied energy of multi-storey buildings, and higher operational energy (due to 
central building services including lifts, ventilation systems, plumbing and drainage 
booster pumps, lighting in lobbies and car parks, and air-conditioning in lobbies and 
corridors) contributes to apartment housing being more energy-intensive than other 
types of housing. These are some reasons why MSABs may actually contribute to 
greater overall urban GHG emissions (Perkins et al. 2009).  
 
2.5.1 Occupant behaviour and resource consumption 
While building users play a critical role in the energy-consumption profiles of 
buildings they occupy, this role is poorly understood by policy makers (Chappells 
and Shove 2005) and often overlooked by designers (Janda 2011). Janda (2011) 
notes that the exact proportion of occupant influence is variable, but behavioural 
changes make an important contribution to more sources of energy savings than are 
available through architectural and technical strategies alone. This supports Frame 
and Vale’s (2006) assertion that behavioural changes may have the greatest impact 
on a household’s ecological footprint.  
 
There is a wide array of complex societal and technological factors and interrelated 
behaviours at play in the development, planning, and occupation of MSABs that are 
difficult to quantify, including residents’ normal practices, which are a combination 
of habits (“my way of doing things”) and the technology of the day (Shove 2003). 
Shove (2003) conceptualises the rituals we accept as part of our everyday lives, such 
as using domestic appliances, as the consumption of services rather than energy. 
Subtle, or not-so-subtle, changes to conventional practices and acceptance of the 
normality of these practices are related to the escalating demand for key energy and 
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water resources (Chappells and Shove 2005). As well as technological innovations, 
economic trends (such as rising wealth) and property marketing strategies relating to 
status that appeal to consumers and their aspirations, contribute to occupant 
behaviour regarding resource consumption (Franklin 2006).  
 
People’s daily routines are entrenched in the built environment (Shove 2003). Thus, 
spatial qualities and occupants’ use of space come into play in relation to household 
resource consumption. For example, everyday practices related to comfort and 
cleanliness in Western societies have developed and changed with technological 
innovations (Shove 2003), with the apartment bathroom undergoing various 
transformations. When mechanical ventilation and extraction technology became 
available in the mid-20th century, bathrooms were designed as compact sanitary 
modules that occupied the smallest possible spaces, accommodating the toilet, 
shower stall and hand basin, and were internalised to the building’s core rather than 
occupying perimeter space (Wurst 2004). Later, rising wealth (and the rejection of 
inadequate space) saw the bathroom’s minimal dimensions expanded and the number 
of fixtures increased. In response to market desires, bathrooms featured two hand 
basins, a bathtub and separate shower, as well as a separate WC room with a basin. 
More recently, many apartments are built with en-suite bathrooms for each bedroom 
(Matusik 2010) as desires for personal space rather than sharing have grown. 
Combined with a bedroom, the space for personal hygiene has become a “cocooning-
wellness-zone” (Horx, 2011 cited in Wurst, 2004, p. 31) in “luxury” apartments. 
Meanwhile, in so-called “affordable” housing, modularised bathrooms are re-
appearing. Other functional spaces in apartment dwellings, such as kitchens, have 
undergone similar technological and behavioural transformations with profound 
impacts on resource consumption (Wurst 2004).  
 
Other than poor building design, reasons for the uptake of air-conditioning in the 
MSAB housing sector may be increasing societal affluence (Hamilton and Denniss 
2005) and changing expectations regarding thermal comfort (Brager and de Dear 
2003, Chappells and Shove 2005). Brager and de Dear (2003) have investigated 
historical and cultural influences on human thermal comfort expectations, and have 
traced the formulation of American residents’ attitudes to air-conditioning to 
marketing campaigns in the 1950s where increased post-war demand for air-
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conditioners was influenced by advertisements that linked air-conditioning to 
increased social status. Women whose homes were air-conditioned were portrayed as 
elegant and free from the toil of housework, and as providers of clean and healthy 
homes for happy families. Air-conditioning gave people “total mastery of the 
environment” so that “homeowners had the ability to maintain an indoor 
environment of constancy, independent of the natural diurnal or seasonal 
fluctuations” (Brager & de Dear, 2003) (p 182). The authors note the irony of the 
advertising images depicting elegant women sitting beside air-conditioners in the 
great outdoors overlooking mountains and the setting sun that claimed air-
conditioning could allow one to achieve a more intimate relationship with nature.  
 
Rather than connecting with nature, the thermal monotony of air-conditioned spaces 
has succeeded in distancing people from the natural world around them (Chappells and 
Shove 2005). Hermetically sealed air-conditioned spaces offer occupants no 
opportunity to respond physiologically to the changing climate outside (Brager and de 
Dear 2003). Loss of regional distinctiveness in architecture may also be blamed for the 
dulling of our “sense of climate” (Yeang 2007).  
 
A report on energy consumption in the UK by the Department for Business, 
Enterprise and Regulatory Reform, cited in Pitts (2008), found that the largest 
increase came from the spread of consumer electronics. In Australia, the 19% rise in 
electricity used from 2001 to 2007 can be attributed to larger home sizes, more 
appliances and IT equipment in homes, and increased use of space heaters and 
coolers (ABS 2010). Simshauser, Nelson and Doan (2011) directly attribute the 
extraordinary growth in energy demand in Australia to increasing affluence and the 
plummeting prices of electrical appliances (especially air-conditioners). 
Paradoxically, these factors created the pre-conditions for fuel poverty (where 
household energy costs exceed 10% of income) that has emerged for the first time in 
Australia among households with low disposable incomes (Simshauser, Nelson, and 
Doan 2011). Simshauser et al. (2011) also predict residential power prices will 
double from 2008 to 2015, adding further fuel pressure to householders. 
 
But what if the physical fabric of the dwelling space limits choice about interior 
climate control? The Australian Council of Social Services (ACOSS) links cost-of-
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living pressures and energy affordability to poor thermal performance of housing 
coupled with inefficient heating and cooling appliances that are relatively cheap to 
buy but expensive to run (ACOSS 2013). Trying to maintain healthy indoor 
temperatures under these circumstances can result in significant financial and health 
impacts for disadvantaged households. The ACOSS describes the vulnerability of 
some households to rising energy costs, with “rationing” of energy consumption 
being common, and low-income families seeking emergency assistance to help pay 
for energy costs (ACOSS 2013).  
 
2.6 CRITICAL REGIONALISM AND PLACE-BASED DESIGN 
Compact urbanisation and high-density housing are not new phenomena; 
examples dating from the 19th century or earlier can still be found in many cities and 
various climates and cultures across the world. Firley and Stahl (2009) assert that 
some of the world’s most prominent housing types are recognisable as belonging to a 
certain place and are closely associated with successful urban form of cities generally 
considered to be compact and liveable. However, the economics of development 
where “one-size-fits-all” solutions are replicated across regions and entire countries 
outweighs good design and sustainability fundamentals. Loss of regional 
distinctiveness and cultural diversity expressed in building design has commonly 
been connected to loss of place-identity. In reaction to this perceived homogeneity, 
“local” as opposed to “universal” knowledge has become a recurring theme in 
architecture and sustainability literature. “Local” is seen as being “authentic” and 
characterised as being unique to a specific place, while “universal” is considered to 
be generic, context-free, and artificial (Shields 2003). Alexander, Ishikawa, 
Jacobson, Fiksdahl-King and Angel (1977), pioneers in place-based culture-based 
design, promote an architectural “vocabulary” that is derived from local values and 
that complements public space. In the face of globalisation’s homogenising 
tendencies, local is somehow characterised as “better” than global; yet, as Shields 
(2003) notes, a dichotomy exists between the desire to retain local character and 
identity and society’s increasingly deeply ingrained aspirations to an affluent 
lifestyle and its associated “anonymous non-places”.  
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The potential to reintegrate the global with the local is the philosophical basis of 
“Critical Regionalist” architecture, which is the architecture of sustainable places. 
Impelled by the proliferation of the International Style and “placeless” buildings 
designed without reference to a place’s climate or culture – that is, “uncritically” –
Lefaivre and Tzonis’ (2003, 2001, Lefaivre and Tzonis 2012) critique of universal 
modernism and “counterfeit” populism (Lefaivre & Tzonis, 2001, p. 8) led to a greater 
emphasis on architecture that is grounded in the fine-grained specificity of the local 
physical and cultural context. The salient cultural precept of Critical Regionalism in 
architecture is creating buildings grounded in place (Frampton 1983) that are not 
sentimental in design, and are open to cultural and technological influences from 
elsewhere. The conceptual framework of this theory is that regional culture and 
sustainability are complementary components; each is essential for the other’s 
existence (Kohler 2003).  
 
Theoretically, regionally appropriate buildings are inherently more sustainable than 
placeless buildings in environmental, social, cultural and economic terms. Most 
importantly, Critical Regionalism does not espouse historicism or stylised 
reconstructions of vernacular buildings; rather, the ultimate aim is to provide liveable 
and significant environments that relate culturally and climatically to location. Heath 
(2009) uses several examples of cultural processes and environmental responses in 
regional design to show that architecture and design are inextricably linked to social 
and environmental processes and are not just technical or aesthetic exercises. 
Frampton (1983) and Lefaivre and Tzonis (2003) describe many examples of public 
buildings across the globe that have been designed according this theory, but 
subsequent authors discuss “tropical living” in these terms especially, with some 
seminal examples of MSABs being abstractions of the organising principles of local 
dwellings and climatic responses. For example, Mehotra (2001) describes the 
Kanchanjunga apartment building in Mumbai in terms of the verandah-wrapped 
bungalow, and Bay (2004) relates the Bedok Court condominium in Singapore to the 
social principles of the traditional kampong.  
 
Critical Regionalism has become an accepted theory among architects who use state-
of-the-art technology to design buildings, while reusing or reinterpreting local 
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precedents that are suitable to the particular climatic conditions and natural 
environment of a site (Storm 2012).  
 
2.7 APPROACHES TO INDOOR CLIMATE CONTROL  
 
The consideration of local climate conditions is a key starting point for climate-
based “regional” design and for formulating building principles that aim to minimise 
energy use for climate control (Givoni 1998, Hui 2001). In the landmark publication 
Manual of Tropical Housing and Building, Part 1 Climatic Design, Koenigsberger, 
Ingersoll, Mayhew and Szokolay (1973) drew attention to the difference between the 
technological approach and the architectural approach to climate control. They 
pointed out that the effects of natural external climatic conditions on the indoor 
climate of buildings can be attenuated by means of the following three levels of 
intervention:  
1. microclimate control (the design of the overall built form of a settlement); 
2. structural control (passive strategies using appropriate building form and 
materials); and  
3. mechanical control (active strategies using air-conditioning for heating, 
ventilation and cooling) aimed at achieving precisely controlled indoor 
climate.  
 
 
 
Figure 2.6 Potential of a range of climatic controls. Source: Koenigsberger, Ingersoll, Mayhew and 
Szokolay (1973). 
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The standardisation of notions of thermal comfort in affluent societies is leading to 
“thermal monotony” (Brager and de Dear 2003), as depicted by the horizontal line in 
Figure 2.6. It is becoming the norm in indoor environments as air-conditioning is 
used in housing to replace living spaces that are designed to respond to climatic 
variations with human intervention. Paradoxically, thermal environmental conditions 
that occupants of centrally air-conditioned buildings perceive as unacceptable can be 
regarded as perfectly acceptable, if not preferable, in a naturally ventilated building 
(De Dear 2004). In studies in the UK and India, energy use in typical office buildings 
was inversely correlated with the occupants’ satisfaction and comfort (Steemers and 
Manchanda 2010), leading to the conclusion that more energy use does not improve 
well-being.  
 
Regional climatic variations and cultural differences are addressed by the Adaptive 
Theory of Comfort developed by De Dear and Brager (1998), which accounts for 
local discomfort effects in buildings, and clothing adaptation, through relating indoor 
to outdoor temperature conditions. The theory is particularly effective in a 
subtropical climate like Brisbane’s, where ambient outdoor temperatures are within a 
comfortable range for much of the year (Hyde 2000, Miller, Kennedy, and Loh 
2012). Where buildings are naturally ventilated, thermal comfort may be effectively 
determined by referencing the ASHRAE Standard 55-2004 Thermal Environmental 
Conditions for Human Occupancy (ASHRAE 2004). The guideline described in 
Figure 2.7 below reflects typical acceptable comfort conditions within spaces where 
temperature is regulated through the opening and closing of windows, and low-
intensity activities are undertaken, typical of conditions within the home. Achieving 
individual thermal comfort requires occupant intervention to adjust elements of the 
building, adjust their level of clothing and adjust their level of activity.  
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Figure 2.7 Acceptable operative temperature ranges for naturally conditioned spaces (ASHRAE 
2004). Source: (Ecolateral Sustainability Consultants 2009) in (Kennedy 2009) 
Zold and Szokolay’s (1997) distinction between “climate-interactive” and “climate-
defensive” design is particularly useful to understand these concepts (Bridgman 2003). 
The more appropriate that building forms, structures and materials (i.e., the 
architecture) are for the local climate conditions, the more “climate-interactive” 
buildings will become, since they will be less dependent on electricity for thermal 
comfort. The climate-interactive approach implies a “passive” system that moderates 
between external environment and internal conditions. In this approach, achieving and 
maintaining individual thermal comfort requires occupant interaction with the building 
to adjust various elements (for example, opening or closing windows, or adjusting 
shading devices) and to modify their own activity levels or level of clothing 
(Chappells and Shove 2005). The more that energy-dependent active systems (such as 
air-conditioning) are used, the more climate-defensive the structural controls need to 
be. Buildings need to be tightly constructed if intended to be air-conditioned (Lee 
2000). In warm climates, “climate-defensiveness” is thus an apt description of the 
Energy Efficient (EE) approach, whereas for “climate-interactive” buildings (that is, 
non-air-conditioned) the “line of enclosure” need not necessarily be air-tight to 
maintain comfort. 
The part of a building that separates the interior from the exterior is mainly defined in 
the building context as the “external wall” which provides an air and moisture barrier 
(Hyde 2000). Hyde (2000, p. 162) points out that the problem with this definition is 
the meaning of “barrier”. The need for air-tight and moisture-tight barriers is crucial 
for the energy efficiency of air-conditioned buildings (Hyde 2000) but is not so crucial 
for naturally ventilated buildings designed on passive solar principles. Thus, 
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Koenigsberger, Ingersoll, Mayhew and Szokolay (1973) emphasise that “the task of 
mechanical controls is radically reduced and becomes more economical if adequate 
structural controls are employed” (p 92).  
 
Presciently, Koenigsberger et al. (1973) also assert that “the degree of sophistication in 
environmental controls is largely a socio-economic question” and “a value judgement 
will be involved in deciding what degree of comfort is desired and how much we are 
prepared to pay for it” (p 92).  
 
2.8 CLIMATE-RESPONSIVE DESIGN PRINCIPLES 
The climate-interactive approach to architectural design for climate control is 
sometimes called “climate-responsive” design. Hyde (2000) describes climate-
responsive design as being particularly suited to architectural design in warm 
climates. The approach is described as a design methodology that is both pragmatic 
and poetic. The pragmatic aspects of how building form and structure moderates the 
climate for human well-being are regulated by the laws of science, particularly 
thermodynamics. The poetic aspects go beyond the pursuit of microclimatic control 
and seek to expose the spectrum of the human senses – visual, aural, and tactile, 
olfactory and perceptual – to delight the occupant, where the building acts as a filter 
to the climate, and the building is a good “fit” with lifestyle. This approach accords 
with traditional Vitruvian values of firmness, commodity and delight, which are 
concerned not only with whether the building will stand up, but also whether it “feels 
right” and how it engages or stimulates the occupants (Gann, Salter, and Whyte 
2003) and with the Critical Regionalist approach, which infers meaning as well as 
feeling.  
 
Buildings that take advantage of natural ventilation and daylight minimise occupants’ 
demands for energy for climate control and lighting (Koenigsberger et al. 1973, Hyde 
2000). This leads to fewer GHG emissions and thus reduces pressure on natural 
resources. In theory, buildings in the mild sub-tropical climate zone can be designed to 
effectively respond to the climate without significant inputs of energy. However, 
contemporary international dense subtropical cities present a sobering picture of the 
effect of ignoring the positive attributes of the subtropical climate. For example, in 
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Hong Kong, the increase of household appliances and climate control devices are 
strong contributors to high-rise residential buildings’ energy demands (Wan and Yik 
2004) and the urban heat island effect in that city is well documented (Giridharan, 
Ganesan, and Lau 2004). Similarly, the subtropical mega-city of Chongqing is 
renowned as one of China’s “Furnace” cities (People's Daily Online 2012).  
 
 
Figure 2.8  Adapted from “Rise of the Megacities and why they will save the human race”, Weekend 
Australian, August 2010. 
 
The subject of climatically appropriate architecture for Queensland’s subtropical 
climates has occupied architects since colonial occupation (Trotter 1964, Langer 1944, 
Weller 1959, Avery et al. 2004). Brisbane’s hybrid climate (Hollo 1995) presents a 
combination of tropical and temperate climate characteristics at different times of the 
year, and sometimes at different times in the same day (cool to cold overnight 
temperatures and warm days during autumn, winter and spring provide a challenge for 
achieving thermal comfort). As such, climate-responsive architecture in the subtropical 
climate requires immediate attention with suitable hybrid design solutions. While both 
tropical and temperate zones are extensively researched in terms of the climate-
interactive approach, truly subtropical applications are not, particularly for other than 
domestic scale residences.  
 
 Chapter 2: Literature Review 59 
A growing body of work exists regarding climate-responsive design principles and 
methods for Australian climates, including the subtropics (Drysdale 1975; Szokolay 
1991; Ballinger, Prasad and Rudder, 1992; and Hollo, 1995), but, almost without 
exception, these references are associated with low-rise or low-density buildings, 
giving many well-illustrated examples of architect-designed houses for various 
climates. Hyde’s (2000) work on climate-responsive design, contains much useful 
information for the subtropical climate similar to Brisbane’s, with some references to 
design principles relevant to larger buildings but few that relate specifically to the 
MSAB. While some well-tried methods are still valid, principles developed for small-
scale buildings need to be adapted or modified for MSABs and high-density 
conditions. 
 
The simple design principles associated with regulating heat flow are as follows:  
1. admitting and storing the sun’s energy when it is needed; and  
2. excluding and removing heat from the dwelling when it is not needed (Hollo 
1995).  
Both principles apply at different times of the year in the hybrid climate that Brisbane 
experiences. Two other important principles of low-energy design for thermal comfort 
that are applicable in Brisbane’s subtropical humid climate are as follows: 
3. thermal mass to store heat from the sun when it is required during winter 
(Givoni 1998); and  
4. ventilation to provide air movement to reduce the effects of humidity in 
summer (Emmanuel 2005).  
 
In the subtropics, window design tends to be associated with controlling thermal 
comfort in summer through shading and with generating air movement to counter 
humidity (Szokolay 2008) Therefore, acceptable daylight levels in sub-tropical 
buildings are often lower than those in buildings in temperate climates because 
shading devices applied to control overheating and glare reduce the intensity of 
daylight entering habitable areas (Edmonds and Greenup 2002). Narrow plans, no 
deeper than 10-12 m are usually recommended for maximising air flow by cross 
ventilation.  
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But can these principles be applied to multi-storey residential buildings and high-
density neighbourhoods? Successfully implementing all four principles in the design 
of MSABs is not straightforward. For example, rather than the expected homogeneity 
of performance of air-conditioned spaces, the flow and effect of natural ventilation in 
multi-storey residential buildings is variable from the lowest to highest floor levels 
(Diamond, Feustel, and Dickerhoff 1996, Jo et al. 2007, Priyadarsini, Cheong, and 
Wong 2004) and uncertain, depending on weather conditions (Hyun, Park, and 
Augenbroe 2008). Reducing the extent of external walls in apartment buildings is 
beneficial for restricting heat gain or loss through the façade (particularly if the façade 
has large areas of glazing), but increasing the extent of external walls is beneficial in 
terms of opportunities for openings for cross-ventilation and daylight availability 
(Ratti, Baker, and Steemers 2005). Glazed walls in MSABs may be desirable for views 
and daylight (Lee, Je, and Byun 2011), but can become the greatest source of glare and 
heat transfer (Lam 2000) and resident discomfort (Hofer 2008) in both cold and hot 
climates. If a space is air-conditioned, glazing can also contribute to the greatest 
source of air infiltration in tall buildings. The higher a conditioned space is located 
above ground level, the greater the wind pressure and thus the potential for air 
infiltration and reduced energy efficiency.  
 
The majority of studies on apartment building design in the subtropical climate have 
been conducted in Hong Kong, where the combinaton of extremely high density and 
humid climate generates substantial energy demand to create comfortable indoor living 
environments. But local building designers have largely ignored passive design 
strategies (Cheung, Fuller, and Luther 2005). The six key factors that affect heat gain 
through apartment building envelopes are as follows: building orientation; thermal 
insulation; total window area; type of glass (double or single glazing) and frame; 
external shading of walls and windows; and the colour of the external surface finish 
(Lam 2000).  Due to the sheer density of development and shortage of land, many 
developers, including the Hong Kong Housing Authority (HKHA), use a standard 
cruciform floor plan that minimises the extent of collective areas and exposes 
apartments to a broad variety of orientations. Cheung, Fuller and Luther (2005) found 
that modifications to the standard building envelope, using a certain combination of 
strategies that address Lam’s factors apart from orientation, would reduce heat gain 
and have a significant impact on overall energy consumption if introduced to new 
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residential buildings. Neither Lam nor Cheung et al. discuss whether the wall-to-floor 
area, which is greater for apartments in the cruciform type than in other forms (Figure 
2.9), positively or negatively affects heat gain or natural ventilation. 
 
 
 
Figure 2.9 Typical cruciform floor plan of private sector MSAB in Hong Kong. Source: (Chan, Tang, 
and Wong 2002) 
 
In South Florida, which has a warm humid sub-tropical climate and a lifestyle 
comparable to the SEQ region, apartment buildings are universally air-conditioned as a 
result of regulations introduced during the 1970s building boom (International Code 
Council Inc 2008). Arguably, the impetus for the introduction of this regulatory 
requirement was the developer-driven desire to maximise yield, with double-loaded 
type apartment layouts.  
 
However, several authors give some guidance on climate-responsive design for MSAB 
buildings in tropical locations globally – notably, Mehrotra (2001), Tzonis, Lefaivre 
and Stagno (2001), Bay (2004), Ng (2010), Summ and Hassell (2009), Yeang (2006), 
Emmanuel (2005) and Givoni (1998). The strategies that Cheung et al. (2005) describe 
are appropriate and applicable in both a climate-interactive approach or the climate-
defensive approach, but climate-responsiveness also needs greater attention to overall 
building form, spatial organisation of dwellings and user interaction. As Chappells 
(2010) has pointed out, it is important to focus on the spectrum of factors that 
contribute to occupants’ well-being rather than solely on one parameter such as 
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thermal comfort. From this point of view, the “fit” of multi-storey residential buildings 
in subtropical humid climates in Anglo-Western jurisdictions, with local social and 
cultural life, is not widely documented.  
 
2.9 STRATEGIES TO REDUCE APARTMENT HOUSING ENERGY 
NEEDS AND EMISSIONS  
2.9.1 Energy Efficiency 
Troy, Holloway, Pullen and Bunker (2003) and Wright (2010) assert that with 
attention to design, energy efficient operation, and an alternative regulatory 
approach, apartment housing has the potential to realise substantially lower GHG 
emissions for urban density. Pitts (2008) also advocates better, more sophisticated 
control systems, such as metering and the automatic switching off of appliances, in 
order to balance energy supply and demand. On the one hand, Pitts (2008) advises 
decoupling energy supply from energy demand, and on the other, he says that 
buildings must be constructed in flexible ways so that they can adapt to allow for 
new technologies. Hui (2001) recommends the pragmatic goal of achieving the most 
energy efficient building design that requires the lowest possible need for energy 
within reasonable economic limits. However, the energy efficiency objective of the 
BCA (ABCB 2013) assumes that dwelling spaces within buildings will be air-
conditioned and the building fabric (material enclosure) will control heat flow into or 
out of the building, in order to ensure energy is used efficiently. The energy 
efficiency provisions of the BCA aim to reduce GHG emissions by reducing the 
operational energy use of buildings’ mechanical or electrical services (air-
conditioning, mechanical ventilation, hot water supply, artificial lighting, vertical 
transport, etc.) without reducing the comfort or amenity of occupants (ABCB 2010). 
 
McDonough and Braungart (1998) are sceptical of the energy efficient (EE) approach. 
Discussing “Industrial Revolution” business-as-usual (BAU) practices and the EE 
approach, they note that the only real difference is that EE practices use less energy 
from the same polluting sources and release fewer tonnes of the same dangerous 
pollutants into the environment but at a slower rate than BAU. Janda (2011) concurs, 
noting that it is possible to use ever greater levels of resources in relatively more 
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efficient ways, and that better use of polluting resources is not in itself a sustainable 
path.  
 
According to Rudin, cited in Janda (2011), the USA’s economy has become more 
efficient since the 1970s but the efficiency gains have been outpaced by society’s 
changing expectations of housing size and housing features that use energy-consuming 
equipment. In his analysis of 45 years of energy consumption in the USA, Rudin 
(2000) wryly noted “when we were less efficient, we used less energy” (in Janda, 
2011, p. 16). A major study of Melbourne households’ resource consumption supports 
this observation (Newton and Meyer 2012). Newton and Meyer (2012) identify 
behaviour suggestive of the “Jevons paradox”, which postulates that as technology 
progresses, increases in the efficiency with which a resource is used are likely to 
increase rather than decrease the rate of consumption of that resource (Alcott 2005, 
Sorrell 2009). In the Melbourne study, occupants of dwellings that had higher energy 
ratings were also high users of plug-in domestic appliances, such as air-conditioning 
units, dishwashers, home entertainment systems and televisions, indicating that energy 
cost savings derived from the energy-efficient heating and cooling of the dwelling are 
allocated to increased appliance purchase and use (Newton and Meyer 2012). A 
Korean study (Lee et al. 2010) found that inefficient energy consumption was not a 
factor in high-rise housing, but electric energy consumption was 1.2 to 1.5 times 
higher than in traditional housing.  
 
2.9.2 Renewable energy technologies and apartment buildings  
Troy et al. (2003) also advocate that as well as reducing energy demand by 
design, power should be generated by apartment buildings themselves, using 
renewable energy technologies (RETs). Pitts (2008) asserts that most RETs are 
already understood and the majority are technically proven. A Japanese study 
looking at the impact of future urban forms on the potential to reduce GHG 
emissions found that medium-density urban forms would benefit most from the GHG 
reduction potential of photovoltaic cells (PV) and combined heat and power (CHP) 
technologies (Ishii et al. 2010). Concentrations of load in high-density cities might 
provide better opportunities for RET systems on a district or precinct-wide basis 
rather than individual buildings would (Hui 2001).  
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Lack of financial incentives has continued to be a key factor limiting the uptake of 
renewable energy systems, whether district-wide or building-centred (Hui 2001). For 
example, a team researching the feasibility of renewable energy supply options for a 
large hotel in a coastal subtropical location in Queensland concluded that renewable 
energy supply was technically feasible, but would become more attractive and more 
economically viable as costs of conventional electricity supplies increase (Dalton, 
Lockington, and Baldock 2009). Indeed, the rising costs of delivered energy and the 
falling costs of low carbon and renewable technologies is already accelerating rapid 
development in distributed power generation (Caldecott 2014). However, the ideal of 
making multi-storey residential buildings net producers rather than net consumers of 
energy is still some way off. Moreover, there are some critical logistical (Hui 2001) 
and safety barriers (Hadjipaschalis, Poullikkas, and Efthimiou 2009) impeding the 
input of RET in the multi-storey apartment sector.  
 
Of primary importance is reducing energy demand through an architectural approach 
that is less reliant on electricity technology (Hui 2001, Goncalves 2010). Increased 
urban densities combined with increasing average temperatures create a demand for 
innovations in materials and building envelope systems to process solar energy, 
adapt to a changing climate, and perform an essential role in reducing the urban heat 
island effect (Dyson, Vollen, and Winn 2013). Meanwhile, Caldecott describes how 
consumer preference is driving accelerating demand for renewable energy 
technology and “stranding” coal- and oil-powered assets (Australian Broadcasting 
Commission 2014).  
 
Changes to the design and operation of buildings to reduce energy consumption may 
be limited by the rate at which individuals may be persuaded or educated to change 
their behaviour in relation to the way they use energy (Troy et al. 2003). Policies 
focused on technical interventions to improve EE have limited impact when there is 
disparity between the policies and practices in everyday life (Judson and Maller 2014). 
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2.10 CONCLUSION  
The MSAB is one type of housing that could contribute to higher-density sustainable 
cities in Australia. However, such buildings are intrinsically energy-intensive and are 
not most Australians’ housing type of choice, particularly for the long term. If this 
housing type is to play a successful role in urban consolidation, apartment living 
must become far less energy-dependent and a far more attractive long-term 
proposition for potential residents from a diversity of life stages and socio-economic 
backgrounds, and be more relevant to their lifestyles. This planning and liveability 
problem is a design problem. In the particular case of Brisbane, the “fit” of MSABs 
with the local lifestyle is questionable. Brisbane’s subtropical climate theoretically 
requires little energy input to maintain thermal comfort for most of the year and is 
conducive to outdoor activity in the domestic setting. However, apartment buildings 
proliferating in Brisbane make few concessions to the local climate and lifestyle, and 
follow a generic formula that can be found in most jurisdictions the world over.  
 
Concepts of residential satisfaction and residents’ perceptions of environmental 
quality are mostly derived from empirical data relating to social housing. Also, 
residential satisfaction research tends to focus on satisfaction with the 
neighbourhood, and the neighbours, rather than with the properties and attributes of 
the individual dwelling. Only a few researchers have looked at the more fine-grained 
role of the dwelling in evaluating residents’ perceptions of the residential 
environmental quality. The factors of the physical environment of the dwelling in the 
MSAB, in the context of the broader surroundings, influence feelings of physical and 
psychological well-being or ill-being, and these are likely to be important in the 
residents’ perceptions of “fit” in the subtropical climate. Pacione’s (1984) indicators 
of dwelling quality seem to offer the most useful way of measuring residents’ 
perceptions of socio-environmental factors that are important to dwelling quality. 
 
In this chapter, design quality was identified as a critical factor in successfully 
managing the social aspects of high-density living and in reducing energy-
intensiveness. Design approaches for MSABs and high-density conditions that are 
suitable for everyday living in the subtropical climate are required. It seems that 
climate-responsive design and Critical Regionalism theory offer a way for 
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architecture to resonate with and people’s desire for liveability in private apartment 
dwellings in the sustainable subtropical city of the future. 
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Chapter 3: Research Methods 
The Research Design adopts a qualitative methodology in a framework which 
combines multiple methods, and is conducted in two phases. Each phase has a distinct 
research design which makes use of multiple sources of evidence. The research 
strategies in each phase were designed to gather a rich array of data on the socio-
environmental phenomena of MSABs as a type and the socio-physical dynamics of 
multi-storey, multi-residential living in the subtropical city of Brisbane. 
 
The objectives of Phase One were to 1) uncover the key socio-environmental factors 
that are important to residents, and 2) understand how designers approach multi-storey 
building design in the subtropical city context. 
 
Phase One comprised two data sources: 
1) Australian Research Council (ARC) Linkage Project LP0668911 Managing the 
social, environmental & economic impacts of high density-living within inner-
urban sub-tropical environment; and 
2) Centre for Subtropical Design (CSD) Project Climate-Responsive Residential 
Tower Typologies for Subtropical Urban Communities An Investigation by 
Design Charrette. 
 
I began by investigating factors that influence residents’ appraisal of their apartment 
dwellings’ suitability for comfortable living in the subtropics by analysing existing 
data, which were collected and analysed as part of the Australian Research Council 
(ARC) Linkage Project LP0668911 “Managing the social, environmental & economic 
impacts of high density-living within inner-urban sub-tropical environment”. Resident-
identified socio-environmental aspects that would enhance their everyday living 
experience in apartments in the subtropics were extracted from data gathered in a 
major survey of inner urban high-density Brisbane residents (636 responses) and 
through 24 qualitative interviews, and were used to identify specific architectural 
design characteristics that impact dwelling liveability. Chapter 4 relates to the findings 
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from this research and establishes the theoretical perspective of this PhD by 
publication. 
 
This was followed by a design charrette that utilised architects’ objective knowledge in 
the design process to incorporate resident-identified liveability attributes into designs 
for climate-responsive subtropical residential towers. This design-led research method 
identified the competing issues and interests of multiple stakeholders that designers 
juggle in the design process and the challenges presented by resolving these issues in 
the quest for attractive, affordable and sustainable high-density living. The resulting 
paper (Paper 2) forms Chapter 5 of this PhD by publication.  
 
The second phase was explanatory in purpose. The objective was to explain the affect 
that building design has on the key socio-environmental factors identified in Phase 
One by finding out how MSAB buildings performed without continuous energy 
supply. The research method comprised an instrumental case study, which focused on 
West End residents’ dwelling experiences in a “crisis” situation and revealed how the 
design characteristics of MSABs influenced these experiences. The two resulting 
papers (Papers 3 and 4) make up Chapters 6 and 7 of this PhD by publication. 
 
Figure 3.1 opposite shows the relationship between the main data collection strategies, 
the publications that have resulted, and the discussion of the main themes. Each study 
will be discussed in more detail in subsequent sections. 
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Figure 3.1 Research methods, publications and thesis structure 
 
3.1 DESCRIPTION OF METHODS 
3.1.1 Higher Density Living (HDL) ARC project 
The Higher Density Living (HDL) project brought together the disciplines of 
architecture, social science, property economics, urban design, environmental 
economics and environmental monitoring to investigate residents’ experiences of 
higher-density living in the subtropical city of Brisbane and to identify positive and 
negative impacts on these experiences. The Chief Investigators (CIs) on the project 
were L. Buys, P. Grace, C. Wilson, R. Kennedy and M. Hefferan. A combination of 
Higher Density 
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qualitative and quantitative research strategies were used, including a survey (Living 
in the city), interviews, observational methods, environmental monitoring, and 
economic data analysis. My contribution to the ARC Linkage project was extensive 
in terms of research design and devising data collection methods, including the 
development of the survey instrument and a methodology for collecting 
observational data. This study received ethics approval, and ethical protocols were 
followed. 
  
The Brisbane inner city urban area was identified using the inner-city boundary 
defined by the Australian Bureau of Statistics. The area included 17 suburbs.  Within 
this boundary, six inner-urban Brisbane neighbourhoods – Highgate Hill/West End, 
South Brisbane, Teneriffe/New Farm, Kangaroo Point, Fortitude Valley, and 
Hamilton (Figure 3.2) – were purposively selected as survey sites because they 
demonstrated the following characteristics: residential densities greater than 
conventional Brisbane suburbs (based on 30 – 45 dwellings per hectare compared to 
8 - 12 dwellings per hectare); diverse land use; mixed building types and ages, 
accommodating diverse uses and tenure (Jacobs 1961); a culturally diverse 
population; a supportive structure for walking and public transport; and an engaged 
community (O'Hare 2006). As well, these precincts represent areas both with and 
without obvious amenity impacts (such as, presence of heavy traffic generating noise 
and air pollution). The river-side post-industrial sites in these neighbourhoods have 
experienced considerable urban renewal over the past two decades. They are also the 
location of many detached houses, described as “character” housing, as well as long-
established flats and other multiple-residential typologies, including apartment 
buildings. 
 
Within each neighbourhood, all HD complexes and total number of units within each 
complex were identified, representing the HD population of the sample. A 
proportionate sampling technique was applied to select one third of the dwellings 
within each complex, within each precinct.  Within each selected unit the member of 
a household who most recently had a birthday (18 years old and over) was asked to 
complete the questionnaire (the Living in the city survey). 
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The Living in the city survey instrument was developed to investigate resident-
identified aspects of the social and physical environment of subtropical inner-urban 
high-density living. It was informed by validated instruments that examine the 
quality of the urban residential environment (van Poll 1997) and social capital in 
residential communities (Onyx and Bullen 2000, Summerville, Buys, and Germann 
2004). It also drew upon the US Department of Energy Residential Energy 
Consumption Survey Household Questionnaire 1997 (Energy Information 
Administration 1999). Questions were modified or developed for the Brisbane 
context and the following key areas were assessed: satisfaction with current 
dwelling, design features and climate control; satisfaction with neighbourhood 
features and neighbours; impacts from noise, odours, pollution and smoking; quality 
of life and social capital; recycling, water and energy use; transport usage, journeys 
to work and travel modes.  
 
 
Figure 3.2 Locality map of HDL study. Source: Buys and Miller (2012). 
 
Standard socio-demographic categories drawn from the Australian Bureau of 
Statistics 2006 census (ABS 2008) were used to obtain relevant data on respondents’ 
personal characteristics. Participants answered approximately 140 open and closed 
questions about the positive and negative social, environmental and economic 
impacts they experience as residents of inner-urban high-density dwellings. The 
questionnaire was presented in the following seven sections:  
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1) Current accommodation 
2) Social capital 
3) Social environmental impacts 
4) Neighbourhood 
5) Energy and water use 
6) Vehicle usage and transport 
7) Demographics 
 
After identifying all multiple-unit developments within each neighbourhood, a 
proportionate sampling technique randomly selected 2311 dwelling units, whose 
residents were sent a questionnaire by post. A total of 636 questionnaires were 
returned, providing a 28% response rate.  
 
It is important to recognise that the Living in the city survey was administered to 
residents of all types of multi-residential buildings rather than exclusively MSAB. 
While most building addresses included in the survey were multi-storey apartment 
blocks, households surveyed may not all have been living in apartments. However, 
there is no reason to believe that the issues that the study highlighted in inner-urban 
high-density areas are not germane to apartment buildings.  
 
The results of Sections 1 (Current accommodation), 3 (Social/Environmental 
impacts) and 5 (Energy and water use) are most pertinent to the research described in 
this dissertation and the published papers. Phenomena evaluating residents’ 
satisfaction with their apartment dwelling are summarised in Appendix A. 
 
In order to contextualise the research question within this broader survey, the 
demographic characteristics of the households that completed the HDL Living in the 
city survey have been compared with those published in the ABS 2006 Census data 
(Table 3.1). Significant findings relating to the theme of urban consolidation and 
acceptance of high-density living in Australian society are presented here rather than 
in later chapters, and can be summarised as follows:  
• The overwhelming majority of the sample of high-density residents was 
extremely satisfied with both their neighbourhood and dwellings; 
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• Just over half of the residents (55%) would regret having to move from their 
current location; 
• If they had to relocate, most respondents would move to an apartment; 
• About two-thirds of the respondents feel that high density represents the 
future of urban development. 
 
Table 3.1 
Socio-Demographic Characteristics of Survey Respondent Households Compared to ABS Data 
 
Socio-demographic Data HDL Survey 
Respondents (n = 636) 
 
Resident Population 
Local Statistical Area * 
(n=38,503) 
Female / Male  60% / 40% 51% / 49% 
Owner/Renter  56% / 44% 40% / 60% 
Age 
< 25 
25–44 
45–64 
65+ 
9%  Not specified 
43% 44% 
36% 26% 
12% 12% 
Household size 
1 Adult 
2 Adults 
3-5 Adults 
31% 39% 
58% 26% 
9% 13% 
Households with 
children<18years old 
7% 21% 
Household Income 
<$30k 
$30–80k 
$80–120k 
$120k + 
N/A 
8% 3.6% 
38% 15% 
24%  7% 
26% 17% 
4% 52% 
Occupation 
Manager 23% 18% 
Professional 41% 21% 
Student 6% 9% 
Retired 15% 13% 
Not stated 3% 19% 
*Combined ABS 2006 Census of Population and Housing Data for each  
suburb/statistical area, in Buys and Miller (2012) 
 
 
On average, participants in this study had been living in their current accommodation 
for three years and five months. The longest period of residency was 39 years, while 
the shortest was one month. The average additional period respondents expected to 
remain in their present accommodation was four years and 10 months. Over half 
(55%) of the respondents indicated that they would “much” to “very much” regret 
moving from their location, while apartments (52%) and detached houses (42%) 
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were the two most popular accommodation choices the respondents would consider 
if they had to relocate within the next five years. 
 
Most respondents (61%) either agreed or strongly agreed that high density (HD) 
represents the future of residential development (mean = 3.56). Almost half (48%) 
agreed that HD developments are a good way to manage population growth (mean = 
3.29). They neither agreed nor disagreed that HD development encourages public 
transport use rather than cars (mean = 3.21). Almost 43% of respondents would not 
like to see HD developments become mainstream, while 34% neither agreed nor 
disagreed with this (mean = 2.73). Figure 3.3 shows the mean agreement regarding 
HD developments. 
 
Figure 3.3 Mean agreement about high-density (HD) developments. 
 
In order to gain a deeper perspective on their experiences of life in an inner-urban 
high-density environment, semi-structured qualitative interviews were conducted 
with 24 participants from all six precincts, representing a mix of age, gender, income 
and marital status (Table 3.2 below).  
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Interview questions explored issues that were raised in the survey in more depth and 
covered the respondents’ likes and dislikes of their current dwelling and 
neighbourhood, social contacts within the dwelling, opinions on sustainability, 
transport practices, design perceptions, and general opinions about high-density 
living. 
 
Table 3.2 
Socio-Demographic Characteristics of Interview Respondent Households 
Socio-Demographic Data Interview 
Respondents (n=24) 
N 
Female / Male split 10 / 14 
Owner/Renter split 19 / 5 
Single/Married or de facto 10 /14 
Age  
25–44 
45–64 
65+ 
7 
9 
8 
Households with 
children<18years old 
3 
Household Income 50% > $80k 
 
3.1.2 Subtropical Towers Charrette 
A charrette is an intensive design-led research method, which is described 
more fully in Appendix B. The main aim of Subtropical Towers Charrette was to 
investigate professional designers’ objective knowledge of climate-responsive design 
approaches to demonstrate the application of resident-identified key principles of 
daylight to every habitable room and cross-ventilation to every apartment and private 
living, including outdoor spaces, while responding to contemporary developer 
“yield” and “price” requirements for an inner-urban infill site in Brisbane.  
 
Four creative leaders (architects) were invited to participate in the Charrette on the 
basis of 1) their recognition by peers as award-winning designers and 2) their 
professional experience as designers of MSABs. However, as the goal of charrette 
methodology is to maximise the interactions among a variety and range of 
perspectives, each award-winning architect was selected for their individual 
approach and divergent design philosophy. Furthermore, they were each asked to 
form inter-disciplinary teams with other experts, which brought even more diversity 
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into the range of perspectives. Intentionally, each team included landscape architects 
and building physicists or mechanical engineers. The creative leaders also 
supplemented this expertise with interior designers, structural engineers, and urban 
designers, and property economists on their teams. Over 25 individual experts were 
involved in the process, which comprised a two-day intensive design workshop. 
 
The four resulting design proposals demonstrated a range of conceptual designs for 
towers ranging from 20 to 30 storeys. Multiple data sources resulting from this 
Charrette include architectural process drawings, design representations, and video 
footage of verbal presentations by the architects (creative leaders), and documented 
multi-attribute evaluations of environmental and economic performance. The 
experts’ perspectives of design priorities for liveability, and professional constraints 
in the design process complemented the methods that probed residents’ perspectives.   
 
3.1.3 West End Case Study  
The occurrence of a major flood in the Brisbane River in January 2011 
provided an unfortunate but timely opportunity to explain the effect that building 
design has on the key socio-environmental attributes identified in Chapter 3 (space, 
noise, privacy, natural ventilation, daylighting). During the flood, power supplies 
were cut off to parts of Brisbane for several days, with affected suburbs including 
West End, South Brisbane, St Lucia, Tennyson and New Farm. An instrumental case 
study approach was used to investigate how MSAB perform without electricity.  
 
A case study is an empirical inquiry that investigates a contemporary phenomenon 
within its real-life context, especially when the boundaries between phenomenon and 
context are not clearly evident (Yin 1994). An instrumental case study approach is 
appropriate in this research because the case itself is of secondary interest to the theory 
that can be established from it (Groat and Wang 2002). 
 
The West End peninsula was selected as the case study setting of this part of the study 
for two reasons. First, urban consolidation policies are currently being implemented in 
this locality through the statutory planning system: It is undergoing significant urban 
renewal, and the South Brisbane Riverside Neighbourhood Plan (Brisbane City 
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Council 2011) has led to the construction of many MSABs over recent years. Second, 
the dates of construction, physical forms, number of storeys, layouts and circulation 
designs, and locations (on ridges or river-front), and operating systems of MSAB in 
the West End area are representative of multi-storey residential construction in 
Brisbane over the past five decades.   
 
Using a qualitative approach, data were collected on a sample of 17 privately owned 
MSABs and combined with information gained from semi-structured interviews with 
building residents. The buildings selected for the case study were limited to MSAB 
that display lift cores, or systems such as heating, ventilation and air-conditioning 
(HVAC) plant, which indicated an important role for a continuous supply of 
electricity. Buildings selected ranged from being less than a year old to 50 years old in 
order to address the long-term impacts of design choices that have arisen as 
technologies, regulations and procurement practices have changed over time.  The data 
collection method is described in more detail in Chapter 6 (Paper 3). 
 
Nine of the buildings examined were inundated in 2011. Many residents continued to 
occupy their dwelling in the post-flood recovery period (several months). In order to 
gain an understanding of people’s actual experiences of living in MSABs without 
electricity from a well-informed perspective, the study targeted residents who were 
involved in owner management committees. They were contacted through a local 
community organisation and invited to participate in a series of semi-structured 
interviews. Six participants from four buildings were interviewed; three sample 
buildings had been inundated and lost power for a prolonged period, while one 
building had not been inundated but had lost power for up to six days. These residents’ 
experiences of multi-storey living without electricity were investigated through 
analysing the responses of the semi-structured interviews. The focus of the open-ended 
interview questions was on which building features were considered to be most critical 
for the residents’ dwellings’ functional operations, and which services had the largest 
impact on living conditions in their apartment, and on their quality of life within the 
building. 
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3.2 LIMITATIONS OF THE METHODOLOGY AND RELATIONSHIP 
OF THIS RESEARCH TO PREVIOUS STUDIES 
A limitation of the aggregate data yielded by the HDL Living in the city survey 
is that it related to residents of all types of multi-residential buildings in selected 
inner urban areas, rather than in MSABs specifically. Therefore, households 
surveyed may not all have been living in apartment buildings. While most building 
addresses included in the survey were multi-storey apartment blocks, it is possible 
that some respondents lived in other types of multi-residential buildings, such as 
walk-up flats, duplex, boarding houses, or warehouse/lofts. Also, survey respondents 
lived on various floor levels, ranging from below ground (one respondent) to the 
19th floor (one respondent), but almost 68% of the sample lived on the first to the 
third floors. Nevertheless, there is no reason to believe that the issues that the study 
brought to the fore in inner-urban high-density areas are not germane to dwellings in 
apartment buildings.  
 
Another limitation is the small sample size of six participants from four buildings 
who were interviewed in the West End case study project. The interviewees, three 
male and three female, responded to an invitation to participate through a local 
community organisation, and were resident members of owner-management 
committees of local apartment buildings. This attribute qualified respondents to 
provide information on the building users’ perspective from an informed point of 
view. Each of the interviews concerning different buildings produced consistent 
themes as did the comparative database of building types. 
 
A further limitation of the study is that population projections for the SEQ region 
have not followed the dramatic predictions laid out in the South East Queensland 
Regional Plan 2009-2031 (Queensland Government 2009). This plan was superseded 
by the Interim Queensland Development Plan in 2012, following a state election and 
change of government. In March 2013, the then current Queensland Government 
announced the development of a new plan, The Queensland Plan: A 30-Year Vision 
for Queensland (the Plan), with a working draft released in December 2013 
(Queensland Government 2013) and the final scheduled for release in mid-2014. The 
plan review coincided with the development of this thesis but was not included in 
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any substantial way because its timing post-dated the data collection and analysis. 
Nevertheless, the generalised findings and recommendations of this thesis are 
relevant to the specific local case of higher-density living in the subtropical city. The 
working draft of the Plan includes nine “foundation” areas, one of which, 
Environment, states that Queenslanders want “urban sprawl” to be “managed 
efficiently” and that “Queensland cities will go up not out” (4.6.23). Section 4.7.24 
goes on to state that “impacts of population growth are managed” and we live in 
cities and towns that are people-friendly (Queensland Government 2013).  
 
3.3 ETHICAL CLEARANCE 
Each component of the data collection process received appropriate ethical 
clearance prior to commencement. 
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4.1.1 Key Contributions of Paper 1  
This paper presents the findings of the first phase of the research project (see 
diagram above), drawing specifically on the data collected during the Higher Density 
Liveability ARC project exploring the experience of higher density living in 
subtropical Brisbane through a survey and repeated in-depth interviews. Paper 1 
explores if and how design facilitates (or impedes) the day-to-day experiences of 
residents living in multi-storey buildings, identifying the key socio-environmental 
attributes considered important by residents of dwellings in multi-storey apartment 
buildings (MSAB). Only 56% of residents considered their dwellings to be suitably 
designed for subtropical living. This paper highlights how residents’ perceptions of 
privacy and comfort are impacted by design aspects, for example, the presence or 
absence of access to private open space and access to natural light and cross-
ventilation. The findings show that residents overwhelmingly prefer natural 
ventilation over air-conditioning to manage thermal comfort in their dwellings, and 
prefer flexibility and choice in how they manage privacy and noise issues at different 
times of the day.  They also indicate that people are willing to make behavioural 
changes to lower their Ecological footprint, but need the architecture to support this 
behaviour. These findings contribute evidence that may help mitigate the 
environmental impact of MSABs while improving the social acceptability of MSAB 
dwellings as a housing type in Australia’s subtropical cities. 
 
This journal article makes the following contributions to this thesis: 
 
Firstly, it establishes the theoretical perspective of the significance of the research.  
Secondly, it identifies the specific design features of MSABs that (1) facilitate the 
liveability of the residence and day-to-day operating requirements from residents and 
(2) meet the demands of the subtropical context. It specifically identifies the key 
features that enhance the liveability of MSABs and are  associated with best practice 
in subtropical design, helping inform designers, property developers, policy-makers 
and residents about the in a subtropical context.  
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ABSTRACT 
Dwellings in multi-storey apartment buildings (MSAB) are predicted to increase 
dramatically as a proportion of housing stock in subtropical cities over coming 
decades. The problem of designing comfortable and healthy high-density residential 
environments and minimising energy consumption must be addressed urgently in 
subtropical cities globally. This paper explores private residents’ experiences of 
privacy and comfort and their perceptions of how well their apartment dwelling 
modulated the external environment in subtropical conditions, through analysis of 
636 survey responses and 24 interviews with residents of MSAB in inner urban 
neighbourhoods of Brisbane Australia. The findings show that the availability of 
natural ventilation and outdoor private living spaces play important roles in resident 
perceptions of liveability in the subtropics where the climate is conducive to year 
round ‘outdoor living’. Residents valued choice with regard to climate control 
methods in their apartments. They overwhelmingly preferred natural ventilation to 
manage thermal comfort, and turned to the air-conditioner for limited periods, 
particularly when external conditions were too noisy. These findings provide a 
unique evidence base for reducing the environmental impact of MSAB and 
increasing the acceptability of apartment living, through incorporating residential 
attributes positioned around climate-responsive architecture. 
 
Keywords: air-conditioning; apartment; comfort; climate-responsive design; multi-
storey apartment building; natural ventilation; noise; outdoor living; privacy; resident 
satisfaction;  subtropical. 
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INTRODUCTION   
Apartment buildings are proliferating in almost all major cities in subtropical and 
tropical countries globally. In Brisbane, a large Australian city in the subtropical 
zone, apartments are predicted to increase dramatically as a proportion of Brisbane’s 
housing stock over coming decades (Urbis 2014). This presents problems for the 
city’s key urban sustainability and greenhouse gas emissions reductions policies 
(Brisbane City Council 2014d). Firstly, compared to other multiple-housing types, 
apartment buildings are intrinsically energy-intensive and may actually contribute to 
greater overall urban energy consumption and increased greenhouse gas emissions 
(Myors, O'Leary, and Helstroom 2005, Perkins et al. 2009, Kelly, Weidmann, and 
Walsh 2011, Coiacetto 2007). In recent decades there has also been an inexorable 
trend toward air-conditioning becoming the default climate control solution despite 
the subtropical climate requiring few energy inputs for thermal comfort. Secondly, 
Australians prefer the relative autonomy and spaciousness of a detached house and 
are likely to choose apartment living for transitory periods of their lives, rather than 
long-term (Kelly, Weidmann, and Walsh 2011). This may be because apartment 
buildings currently fail to provide suitable accommodation for various demographic 
groups, and ultimately outer urban expansion is stimulated rather than dampened by 
inner-urban construction of apartment buildings that meet a narrow market band 
(Coiacetto 2007). These issues confirm that congruity between people and their 
living environments is important for sustainable development (Moser 2009). The 
challenges of designing comfortable and healthy residential environments that can 
better meet residents’ expectations of desirable places to live, and minimising energy 
consumption must be addressed urgently in Australia’s cities and cities in other 
warm climate countries, almost all of which are experiencing rapid growth in high-
density residential environments.  
 
The limited long-term appeal of apartments may be due to a mismatch between 
available housing stock and people’s expectations of liveable attributes of dwellings 
(Kelly 2011) rather than apartment living itself. Several studies of multi-storey 
residential environments have identified privacy and building quality as important 
influences on residents’ perceptions of liveability (Cho, Lee, and Kim 2011, Cho and 
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Lee 2011, Lee, Je, and Byun 2011, Phillips et al. 2005, Yuen 2011). Privacy is 
measured by the extent to which residents can control the intensity of their 
interaction with neighbours, and is indicated by the amount of ambient noise, noise 
from neighbours and the amount of outside space for personal use (Pacione 1984). 
Building quality indicates a physically healthy residential environment and is 
measured by standard of construction and energy efficiency (Pacione 1984, Lee, Je, 
and Byun 2011) alluding to a focus on thermal comfort. 
 
Climate-related lifestyle needs are frequently overlooked in residential environment 
satisfaction research but are an important aspect of subtropical cities where the 
climate is conducive to outdoor living all year round. The subtropical humid climate 
zone has no distinctly dry season (Stern, de Hoedt, and Ernst 2000) and though 
summers are hot and humid, and winters are cool, the ambient outdoor temperatures 
(19 - 29°C in summer and 9 - 21°C in winter) are within a comfortable range for 
much of the year (Hyde 2000, Miller, Kennedy, and Loh 2012). Humidity is the main 
factor affecting thermal comfort in subtropical settlements, and is most noticeable 
when air temperature is high and wind velocity is low (Robeson and Burton 1975). 
Thus ways of generating air movement or capturing breeze are sought after when 
these conditions prevail in summer, and sometimes on autumn and spring days.  
 
In principle, MSABs can be designed to respond to the climate, by effective use of 
solar orientation of buildings and external shading devices to admit or exclude direct 
sun when seasonally appropriate, and siting of openings to effectively generate air 
movement to reduce the effects of humidity in summer (Kennedy and Thompson 
2011, Hyde 2000), yet thermal comfort for dwellings is increasingly provided by air-
conditioning. Despite the advantages and disadvantages of the mild subtropical 
climate, the climate zone is relatively under-researched, in terms of the relationships 
between climate and multi-residential building design, and residents’ perceptions and 
experiences of this relationship. For example, many domestic activities are 
conducted in exterior private spaces such as verandas, balconies and terraces 
(Kennedy 2010). Balconies are a characteristic feature of multi-storey apartment 
buildings (MSABs) in subtropical cities like Brisbane (Figure 1). Residents 
occupying such spaces in apartment dwellings are potentially exposed to noise 
discomfort. Noise from external sources such as traffic and roof-top air-conditioning 
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plant is prevalent in urban areas where MSAB are located. Residents using balconies 
may also be exposed to noise from neighbours, and may generate noise that could 
bother their neighbours.  
 
This purpose of this paper is to explore residents’ experiences of liveability in 
apartment dwellings in the subtropical climate. In particular, we focus on residents’ 
perceptions of privacy and comfort, and their satisfaction with the extent that their 
dwelling modulated the external environment and met their privacy and comfort 
expectations in subtropical conditions. This research on the impact of apartment 
building design on liveability and on urban energy needs more broadly is much-
needed in the context of Australia’s subtropical cities, and will have resonance in 
almost all major cities in subtropical and tropical zones globally where high-density 
apartment living is a fact of contemporary society. 
 
Figure 1. Multi-storey apartment buildings in Brisbane typically feature balconies on 
their facades. Source R. Kennedy 
 
  
 
PHYSICAL AND SOCIAL CHARACTERISTICS OF MULTI-STOREY 
APARTMENT LIVING  
A defining aspect of multi-storey apartment living is the extent to which everyday 
lifestyles are affected by proxemics and sharing (Zeisel 2006b, Rapoport 1969, Hall 
1963). In the home environment,  proxemics are linked to privacy, and concern 
notions of personal space, particularly the preference or desire for a place that is 
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identified as one’s own (Deasy and Lasswell 1985, Bell et al. 2001). An important 
part of this feeling of ownership is autonomy, the right to personalise, and the 
freedom to adapt one’s personal space to one’s own needs or desires. Another critical 
aspect of proxemics is that being separate from others is preferred to sharing (Bell et 
al. 2001). Privacy is an expectation of exclusion from intrusion and preventing the 
world from encroaching (King 2004). King’s notion of a private place as a thing kept 
“apart” (p 54) is an appropriate description for the private dwelling in a multi-
residential building – the apartment. People desire both connection with the 
community, and privacy. They want reciprocal relationships that includes living 
privately with “polite indifference” with their neighbours, and to be able to call on 
each other for help in a crisis (King 2004) (p57). Thus, privacy is associated with 
peace of mind and with the freedom of personal space.  
 
However, residents of MSAB share walls, ceilings and floors with their neighbours 
adjacent, above and below them, as well as collective entries and circulation spaces, 
parking garages and communal facilities such as swimming pools, washing lines, 
gardens and barbeques (Easthope and Judd 2010). They also share the hardware 
(ducts, pipes and wires) delivering services such as energy, water, drainage, waste 
management and communications to their dwellings. Further, because most 
apartment buildings in Australia are generally multi-title (strata title) developments 
and owners form a ‘body corporate’ entity, residents share governance and 
management arrangements as well (Easthope and Randolph 2009, Fisher and 
McPhail 2014). In order to avoid or manage social issues that these sharing 
circumstances could generate, resident cohesion is very important and a level of 
familiarity on which to base positive interrelationships is essential (Randolph 2006).  
However, there is an overall impression of social withdrawal among residents of 
apartment buildings (Huang 2006).  Skjaeveland and Garling (1997) indicate that a 
level of anonymity may permit privacy in a setting where physical proximity makes 
it otherwise difficult to achieve, and that the careful balance of privacy and territorial 
control is a key factor in the success of MSAB design. 
Resident Perceptions of Comfort 
Residents’ comfort is situated on a spectrum where their physiological and 
psychological needs are met (Lee, Je, and Byun 2011, Amerigo and Aragones 1997, 
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Adriaanse 2007) and are in balance (Steemers and Manchanda 2010). Comfort 
parameters comprise both quantifiable factors, (for example, thermal comfort, 
acoustics, air quality and illumination) and qualitative considerations (for example, 
perceptions of privacy and personal control over the comfort of one’s private space). 
All elements interact and influence the way occupants use a dwelling and a building, 
and consequently their appreciation for how the overall design functions or is best 
modulated (Gann, Salter, and Whyte 2003). For example, in Singapore, a tropical 
city, residents on lower floors of MSAB were concerned about noise from passers-by 
and street traffic, as well as view obstructions, lack of privacy, and odours from 
garbage, (Yuen 2007, 2011, 2004, Yuen and Nyuk Hien 2005, Yuen et al. 2006, 
Yuen and Yeh 2011) while dwellings on higher floors were sought-after for cleaner 
air (Fung and Lee 2011) less noise, more privacy and better views (Yuen 2011).  In 
Vancouver, a city in the Temperate Zone, residents of MSAB valued large windows 
for views, much-needed natural light and a sense of spaciousness, but also reported 
overheating and visual privacy issues (Hofer 2008).  
 
The climatic variables, air temperature, humidity, radiation and air movement 
influence an individual’s sensation of thermal comfort simultaneously with many 
subjective factors such as level of clothing, age, gender, health and personal 
preferences. Ventilation may be perceived to be adequate for thermal comfort when 
velocity of air movement is appropriate for level of activity, and (Koenigsberger et 
al. 1973, Lai and Yik 2009) and acceptable when air quality is not marred by 
unpleasant odours or stale air (Morawska 2009).  
 
Various studies have identified noise in the urban residential environment as the 
greatest source of annoyance to residents (Cho and Lee 2011). Aural comfort is 
experienced when sound levels are acceptable for the prevailing spatial-temporal 
conditions, including perceptions of acoustic privacy, and whenstressful or annoying 
or loud noises are absent (Croome 1977). Natural lighting and views to natural 
surroundings are associated with beneficial social and psychological effects 
(Tregenza and Wilson 2011, Waite-Chuah 2012).  
 
Generally, people are not overtly aware of ambient physical conditions and tolerate a 
range of variation (Hedge 2000) unless comfort limits are exceeded. The design 
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challenge is to utilise the physical attributes of building design and performance 
(construction quality) to create an environment that is acceptable to most building 
users and conducive to human comfort and well-being. Focussing solely on objective 
measures (such as thermal comfort) does not ensure good design and does not 
necessarily account for occupants’ well-being (Chappells 2010). Therefore, a well-
designed dwelling is one which provides a diverse range of conditions that enables 
individuals to meet their personal sensory requirements when and where desired, for 
example noise at night in bedrooms is not desirable, but well-ventilated bedrooms are 
recommended for sleep health. Residents’ understandings of what makes a good 
environment in the domestic setting is influenced by the relative importance they 
place on the need for personal control with other social and cultural influences 
(Moezzi 2009, Chappells 2010). Currently, few researchers have specifically 
examined the relationship between privacy and comfort of the individual dwelling 
within the MSAB and residents’ everyday dwelling practices in the subtropical 
climate and lifestyle context.  
 
RESEARCH DESIGN AND METHOD  
This paper on residents’ experiences of privacy and comfort and the actions they 
take to modify the effect of the external environment on their dwelling’s comfort 
performance, presents a subset of qualitative and quantitative data obtained from an 
extensive study investigating the positive and negative social, environmental and 
economic impacts that residents associate with higher density (HD) living in a 
subtropical environment. At the outset it is important to note that the founding study 
investigated residential satisfaction (Buys and Miller 2012) and the findings 
indicated quite a high degree of congruity between these residents and their HD 
environments. Most residents were extremely satisfied with the overall HD 
residential environment, when taking into account their neighbourhood, neighbours 
and dwelling. Overall, the findings indicate a strong sense of belonging and security 
with most residents indicating they would regret if they had to move (p 334). 
Nevertheless, several environmental aspects that depreciated their living experience, 
including traffic noise, dust and sirens, were identified. These data indicate that there 
is a difference between the predictors of residential satisfaction and the attributes that 
residents perceive to be important indicators of environmental quality. 
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Procedure & Participants  
The inner city urban area of Brisbane was identified using the boundary defined 
by the Australian Bureau of Statistics. Within this boundary, six precincts 
demonstrating the following characteristics were purposively selected: they support 
residential densities greater than conventional Brisbane suburbs (based on 30 - 45 
dwellings per hectare compared to 8 – 12 dwellings per hectare); have diverse land 
uses and services; have multi-dwelling housing typologies diverse in design and age; 
have a culturally diverse population; and have an engaged community. As well, these 
precincts represent areas with and without obvious amenity impacts (such as, heavy 
traffic generating noise and air pollution). Within each precinct, all multi-dwelling 
buildings and the total number of apartments within each building were identified, 
representing the HD population of the sample. A proportionate sampling technique 
was applied to select one third of the dwellings within each building, within each 
precinct.  2311 households received a postal questionnaire on “Living in the City”, to 
be completed by the household member (18 years or older) who had most recently 
had a birthday. There was a 28% response rate, with 636 questionnaires returned by 
post. While most addresses included in the survey were in MSAB, it is possible that 
some respondents lived in other types of multi-residential buildings such as walk-up 
flats, duplex, boarding houses, or warehouse/lofts. 
 
Participants answered approximately 140 open and closed questions about their 
current dwelling, neighbourhood and neighbours, quality of life and social capital. 
Standard socio-demographic categories drawn from the Australian Bureau of 
Statistics 2006 census (Australian Bureau of Statistics 2006) were used to obtain 
relevant data on respondents’ personal characteristics. Data for this paper were 
obtained from questions on design characteristics such as spatial properties of the 
dwelling, access to breezes and natural light, indoor climate of the dwelling, view 
from the dwelling, privacy, construction quality, and whether the dwelling is 
designed to suit the local Brisbane climate. A variety of Likert scales (typically 
scales with one to five response alternatives ranging from “not at all” to “extremely”, 
with “fairly” being the midpoint on the scale) allowed residents to circle the 
appropriate response indicating their level of agreement with a statement, level of 
satisfaction with a dwelling element and level of awareness about an issue or design 
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aspect.  Binary ‘yes/no’ responses were also included. Open ended questions allowed 
participants to add an extra response. Analysis of the questionnaire was conducted 
using the Statistical Programme for Social Sciences (SPSS), with basic descriptive 
statistics such as frequencies, percentages and means calculated for all residents. The 
open-ended questions were analysed thematically to identify key terms that were 
regularly invoked by the respondents.   
 
In addition, follow-up repeated semi-structured qualitative interviews with 24 
residents explored issues in more depth and covered their likes and dislikes of their 
current dwelling and neighbourhood, social contacts within the dwelling, opinions on 
sustainability, and design perceptions. Interviews, which were recorded and 
transcribed verbatim, provided rich narrative data. A thematic analysis identified key 
themes expressed by interviewees. More men (14) than women responded to the 
invitation to be interviewed, while most interviewees were owners (19). Survey 
respondents were predominantly aged between 25 and 59 years old (71%) and 
female (60%). Households were predominately one (31%) or two people (54%). The 
low number of households with children under 18 years old (7%) was a critical 
difference between the respondents and the resident population of the local statistical 
area (21%) (Buys and Miller 2012). The number of renters in the study sample (44%) 
was higher than the ABS 2006 Census data for Brisbane area (30%), possibly 
illustrating the more transient nature of this population (Buys and Miller 2012). The 
remainder were either owners (27%) or paying off their mortgage (28%). Participants 
had been living in their present dwelling for an average of 3 years and 5 months. The 
longest period of residency was 39 years, while the shortest was one month. 
Respondents lived on various floor levels, ranging from below ground (one 
respondent) to the 19th floor (one respondent), with the majority located on floors 1 - 
3 (68%). 
 
RESULTS & DISCUSSION  
Dwelling Functional Characteristics  
Table 1 below describes the number and type of functional spaces of dwellings 
described by residents. Most dwellings contained at least two bedrooms and two 
bathrooms, and other normal domestic functional spaces.  The majority had at least 
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one outdoor private space (balcony or courtyard) while 5.6% had no outdoor space 
for their exclusive use.   
 
Table 1. Number and type of functional spaces in dwellings 
Space type Number  0 1 2 3 4 5 6 Bedroom .3% 17.6% 55.8% 23.8% 2.4% .2%  Living room .3% 90.9% 8.5% .3%    Kitchen  99.8% .2%     Bathroom  37.2% 57.8% 4.9% .2%   Outdoor private space  5.6% 54.8% 28.0% 9.4% 1.9% .2% .2% Laundry (private) 6.0% 91.2% 2.3% .2% .2%   Laundry shared  5.5% .5%     Car parking space 4.5% 64.1% 28% 2.7% .6%   
 
A limitation of this study is that the floor plans of the apartment buildings and the 
different types of configurations of floor layouts and individual plans of dwellings 
including balcony private outdoor space were not directly recorded for reasons of 
anonymity of survey and interview respondents. Thus the spatial characteristics of 
apartments such as the size of rooms, heights of ceilings, and widths of balconies are 
not described in this paper.  In response to an open-ended survey question, one of the 
most frequently cited issues that residents would change about their dwelling if they 
could related to adding or increasing the size of their balcony or other outdoor 
private area. (Refer to Table 5 below) 
 
Perceptions of Privacy 
Privacy was highly valued by 91% of residents. (60% considered privacy as 
“important” or “very important”, and 31% considered privacy to be “extremely 
important”). Overall, residents were “fairly satisfied” with privacy from neighbours 
(mean=3.67). Most (88%) considered aural privacy to be more important than visual 
privacy (75%). This suggests that ability to control noise travelling between 
apartments was more of a problem for residents than their ability to control being 
seen. Balconies or other exterior private spaces, were also associated with lack of 
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privacy for residents, but there were mixed attitudes. Despite a general preference for 
outdoor living (described later), residents expressed a desire for privacy and to not 
have to hear, register or engage with sounds made by other residents in the building. 
At the same time, residents were conscious of maintaining their own privacy, and not 
annoying the neighbours with loud conversations. Unsurprisingly, privacy was an 
important consideration for 77% of respondents when selecting their current 
accommodation. Interview data (See Table 2) confirmed that residents were highly 
aware of the need for aural privacy for themselves, and for neighbours in the 
building. Residents did not want to feel pressure or obligation to talk to neighbours, 
and preferred to confine their relationship with their neighbours to a polite greeting. 
Some residents also expressed a preference for their balcony to face the street rather 
than a communal courtyard. In these ways, residents used a degree of ‘anonymity’ to 
manage physical and psychological boundaries between themselves and immediate 
neighbours as unobtrusively as possible.   
 
Perceptions of suitability of dwelling design for subtropical climate 
 
Overall, residents assessed design quality to be satisfactory when measured in terms 
of their spatial layout (mean = 3.89), internal and external upkeep (mean=3.87 and 
3.70 respectively) standard of construction of the building (mean = 3.56), and energy 
efficiency of their dwelling (mean = 3.30) indicating an overall sense of a physically 
and psychologically healthy environment. However, mean satisfaction with the 
extent their dwelling design suited the subtropical climate was 3.57. Just over half 
(56%) perceived that their dwelling was appropriately designed for day-to-day 
comfortable living in the subtropics, whereas the remainder were either neutral 
(32%) or dissatisfied (13%).  See Table 3 below. Nevertheless 71% found their 
dwellings to be thermally comfortable, with satisfactory air movement, levels of 
natural light, and many were satisfied with the view. However, thermal comfort and 
air-movement could be improved for nearly one third of dwellings while 42% of the 
residents reported that they were “fairly” to “not at all” satisfied with natural light 
levels in their home. 
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Table 2. Residents’ perceptions of appropriate MSAB dwelling design for privacy and comfort in the subtropical climate. Issue  Indicative comments Proximity and aural privacy I think that especially with apartment living, because you are that much closer. With a house you have a bit more space between you 
and your neighbour so that the noises and everything’s not so close 
and you don’t know so much about them.  Whereas apartment 
living, it can be really quite intimate at times. You can hear 
fighting; you can hear bathroom sounds and all that sort of stuff. 
(5#) Preference for anonymity – cordial but not sociable I don’t know my neighbours even though you would think you would. …  I will say hello if I see them….I like that when we go out we don’t have to stand and have a little chat every five minutes you 
can just come and do your own thing. (#6)  Preference for outward facing private balcony  Some balconies back on to that main (communal courtyard) area and we wouldn’t have taken it had that been our only option. We 
needed to be above (the street) without having people walking by 
and looking in. (#6) Orientation and thermal comfort   In winter I find the apartment’s very warm because you get the sun because we face east and north so that’s pretty good and in summer time it really doesn’t get that hot. I mean even on a hot day 
the unit is not hot. (#8) 
This is about the best in the block. It’s on the right side of the 
building. Because you don’t get the summer sun so it’s much cooler. 
When they come in from next door, they say ‘you haven’t even got 
the air conditioning on’ and they’ve got theirs belting away next 
door. And this is all a nice cool breeze coming in most of the time. 
And in the winter it’s warm again.” (#7) Spatial characteristics and liveability: natural light, high ceilings, and view 
(I like) its height, its layout, there’s light… There’s plenty of light. 
(#3)  
 
It [the view] is good for unit living you don’t feel confined.  (#7) Balcony as extension of living area The best point about this apartment is definitely this area – the lounge area opening onto the balcony.” (#6) Balcony essential feature of subtropical design for living Otherwise we’d want a townhouse and a courtyard where you could go and sit out in. Especially with the climate we’ve got here. (#7) 
I think it’s one of the worst designs I’ve ever seen in my life. There’s 
actually no outdoor living what so ever, no balconies at all. You’ve 
got windows that you can just open the top, from memory when I 
was in there just the top part of the window opened and that was 
about it. You’re relying totally really on air conditioning and a 
controlled environment. Ah, and I think that’s bad. (#2) 
So, anybody that builds units without awnings, without balconies, 
without areas where there’s a transition between outside and 
inside is just nuts because they’re just not thinking of the lifestyle of 
the people who are going to be living in them. (#1) 
 
 
Critically, noise was the environmental phenomenon that bothered residents most, 
with 61% reporting being “fairly” to “not at all” satisfied. Residents heard 
neighbours’ voices, music or sounds from animals less frequently (mean =2.60) than 
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motorcycles or cars, which were heard most commonly (mean=3.12), but 42% of 
residents found the noises made by other people, including from nearby houses, most 
annoying. Apart from neighbours’ voices, other types of resident-identified noise 
included traffic noise, construction noise, and noise from wildlife.  Interestingly, 
while not all of these were seen as intolerable, 41.5% rated traffic noise as the most 
annoying form of pollution followed by smog (30.5%) and dust in the air (21.4%). 
 
Some residents acknowledged the role of orientation, air flow and thermal mass in 
their experiences of year round comfort of their residence. Interview data also 
revealed that views, natural light and high ceilings were also associated with 
spaciousness and liveability in the subtropics. See Table 2. While these aspects are 
not unique to the subtropics, they have resonance with subtropical residents because 
much inner-urban MSAB stock in Brisbane was developed from the 1970s to the 
2000s and has 2400mm ceilings, the minimum acceptable ceiling height of habitable 
rooms under the Building Code of Australia (ABCB 2013). Such low ceilings, 
though legal, are perceived to be undesirable because they limit the potential for 
daylight admission and do not allow warm air to rise above the occupied zone of 
rooms. They are also considered by many to be too low to comfortably operate 
ceiling-mounted fans. Higher ceilings are valued in naturally ventilated buildings 
because warmer air can rise above the activity zone of rooms. 
 
Having a functional outdoor space for their exclusive use was considered to be an 
integral part of the subtropical urban lifestyle. The vast majority of residents (89%) 
reported that they had a balcony in their dwelling, and 87% considered the specific 
physical and spatial design characteristics of the balcony to be an “important” to 
“extremely important” influence on their experiences of spaciousness for everyday 
living functions, and control over privacy, and indoor environment comfort.  See 
Figure 2.   
 
Most respondents described how they utilised their balconies for a wide variety of 
home-based activities such as entertaining (85%), preparing and eating meals (74%) 
and gardening (66%) on their balconies. Drying laundry (62%) and storage (19%) 
were also important functions of the balcony. Residents frequently used their 
balconies for hobbies and everyday activities, such as reading, relaxing, studying, 
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keeping pets, exercising or just sitting out. Contentiously, some residents smoked on 
their balconies, causing annoyance to residents of other dwellings. In the interviews, 
lack of a balcony or usable private exterior space was considered to be an omission 
in good apartment design.  (Refer Table 2 above).  
 
Figure 2. Balconies are valued for outdoor living and views but also provide an 
environmental buffer between dwelling interior and noise and dust of external urban 
environment.  
Source: QUT Centre for Subtropical Design 
 
  
 
Table 3. Residents’ levels of satisfaction with suitability of dwelling design for local climate Likert scale Response 1 Not at all 2 A little 3 Fairly 4 Very Much 5 Extremely  % % % % % Overall performance 3.5 8.8 32.3 38.3 17.2 Thermal comfort 1.3 5.7 22 50 21 Access to breeze 3.6 8.2 16.8 40.6 30.7 Natural light 2.5 18.2 21.2 42.7 25.4 View 5.3 10.5 20.2 26.3 37.7 Noise 10.6 18.4 32.4 31.3 7.2 Outdoor air quality 6.5 10.7 28.0 37.8 17.0 Natural surroundings 3.8 6.3 23.8 37.4 28.7 
 
Managing acoustic and thermal comfort – natural ventilation versus air 
conditioning  
The majority of residents (66%) rated the average temperature of their living space as 
comfortable (neither too warm nor too cool). Notably, 78% of households reported 
 98 Chapter 4: Paper 1 
having some kind of air-conditioning system (the majority of these, 52%, were 
reverse-cycle split systems and 10% of dwellings that were air-conditioned also had 
ceiling fans). 27% had ceiling fans in their dwelling but no air conditioning. While 
9% of residents used the air-conditioning all summer, most (61%) only used air-
conditioning on a few days or nights, with 15% stating that they had air-conditioning 
in their dwelling yet did not use it. Residents reported taking active steps to manage 
their thermal comfort within their dwelling (see Table 4 below). In summer, the most 
frequent strategy was to use natural ventilation by opening the windows and doors 
(83%). Turning on air-conditioning (63%) was the second most frequent strategy. 
Half (53%) adjusted their blinds, or turned on a personal portable fan (40%) and/or 
ceiling fans (24%).   
 
Table 4. Resident actions to manage climate control in their dwelling in summer. 
Action  Yes No Open windows/doors  83% 17% Turn on air conditioner 63% 37% Open or close blinds and shutters  53% 47% Turn on portable or personal fan 40% 60% Turn on ceiling fans 24% 76% 
 
Despite the desire for air movement, the lack of ceiling fans in apartments is 
noteworthy. This is likely to be attributable to low (minimum 2400mm) ceilings in 
many dwellings. Meanwhile, some residents had made modifications or adjustments 
to the outside of their dwelling to improve thermal comfort, such as adding air-
conditioning units (17%), sunshades or external shading (12%) and enclosing 
balconies (3%). In response to an open-ended question about what they would like to 
change about their dwelling to increase overall satisfaction, 16% of all responses 
(total = 875) related to modifications to aid thermal performance and outdoor 
lifestyle. See Table 5 below. 
 
Some residents also linked air-conditioning with unpleasant odours or stale air, 
and were happy to avoid it.  However, in an urban context where the potential for 
traffic noise annoyance and indoor air quality issues is high, amenity issues compel 
residents to use air-conditioning rather than keeping windows open. While most 
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evaluated their dwelling as being appropriately designed for the subtropical climate, 
they perceived that “openness” has privacy and noise implications in MSAB 
environments, while a “closed” residential environment implies an undesirable 
reliance on air-conditioning.  
 
Residents interviewed were strongly aware of the link between thermal comfort, 
energy conservation, and the cost of living, and nominated various active steps they 
had taken to reduce reliance on air-conditioning, including installing physical 
barriers and limiting their usage of air conditioning. Some residents used air-
conditioning during summer at certain times, and particularly at night to avoid sleep 
interruptions from noisy traffic and sirens, but using air-conditioning in winter was 
an anathema to them.  Finally, air conditioning condensing units are also often 
installed on balconies and are implicated in loss of outdoor amenity for residents. As 
well as generating excess heat and noise for the occupants of the dwelling itself and 
for adjacent apartments including those above or below, causing dissatisfaction. See 
Table 6 below). 
 
Table 5. Resident-identified proposals to increase dwelling satisfaction. 
Proposed modification Frequency % Increase balcony size 22 2.51 Add awnings to block noise  and provide shade 19 2.17 Orientation 16 1.83 Natural ventilation 14 1.60 Increase private outdoor space 11 1.26 Add / install / upgrade air conditioning 10 1.00 Add a balcony 8 0.91 Natural light 8 0.91 More outside areas 7 0.80 Larger outdoor areas 3 0.34 More windows 5 0.57 Improve privacy on balconies 3 0.34 Add ceiling fans 4 0.46 Add double glazing 4 0.46 Better ventilation 4 0.46 Separate a/c internally (zoning) 2 0.23 Add insulation to reduce temperature 1 0.11 Add water taps for gardening on balconies 1 0.11 
Total 142 16% of 875 responses 
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Private open space - subtropical living and the contradictory roles of balconies 
 
The apartment balcony offers flexibility and provides an alternative space that is 
distinct from the indoor living environment. Importantly a private balcony allows the 
resident to move to an outdoor space without leaving the residence, and without 
necessitating social contact. As one resident explained, “You need that balcony. You 
need to be able to get outside”(#2). For some residents, balconies are clearly 
providing flexible space for a diversity of activities including storage (thus providing 
an intermediate space as described by Steele and Keys, 2014) while for others, the 
short-comings of balcony design (too small, too hot, not private enough) are 
disappointing.   
 
Ideally, in the residential environment, private exterior spaces, like gardens or 
verandas, allow residents a degree of privacy and territorial control as well as options 
to contact and interact with adjacent public space or neighbouring properties 
(Cooper-Marcus and Sarkissian 1986). Ozaki (2005) also discusses formality rituals 
and the impact on the way domestic space is used - the perception of the ‘front’ and 
‘back’ regions of the dwelling is closely associated with the demarcation between the 
public symbolic life and the private secular life. The extent to which private outdoor 
space is revealed to public view is a unique aspect of MSAB living, and multiple 
contradictory expectations are placed on this space by regulators or other 
stakeholders. For example, the balcony is an individual’s access to open space for 
private utility purposes but these spaces are often located at the “front” of a building 
(where it interacts with surrounding neighbourhood), and some activities 
traditionally associated with “backyard” use in detached housing – for example, 
drying laundry and airing bedding may be considered to be unsightly at the front of 
MSAB (Niu 2004) particularly where a high degree of transparent glazing applied to 
balcony balustrades provides minimum privacy and exacerbates problems of 
perceived ‘unsightliness’ by others. (See Figure 3). In some cases, MSAB bodies 
corporate governing use ruled such activities to be carried out indoors. However, if 
clothes driers are used in the private dwelling, energy use and air quality are 
significantly negatively affected. As well as problems of unsightliness and lack of 
utility for residents, extensive glazing on facades and balconies may also 
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compromise resident privacy, indoor air quality, energy use, and shade and thermal 
comfort on balconies. 
 
Figure 3. Glazing on balconies reveals private outdoor space and everyday 
domestic activities to view. Source: R.Kennedy. 
 
 
 
Kearney (2006) found that when building orientation maximised residents’ views 
to nature and minimised views of traffic and neighbours, negative feelings about 
density were reduced. However some planning codes also rely on exterior private 
space that overlooks streets to provide casual surveillance in the community. In many 
cases, this means overlooking vehicular traffic as well as pedestrian traffic. Contrary 
to Kearney’s findings, the street side of a building may prove to be residents’ 
preferred location for private outdoor space, rather than facing a communal 
courtyard. (Refer Table 2). It seems that while residents wish to be screened from 
others in close proximity, they also desire to relate to the broader neighbourhood and 
prefer a varying and activated outlook. The type of street character and volume of 
vehicular traffic is likely to have an effect on residential quality and tolerance of this 
aspect, and should be investigated in future research.  
 
CHALLENGES FOR PRIVACY AND COMFORT DESIGN IN THE 
SUBTROPICS 
 
The findings confirm that residents consider that privacy and comfort are 
important attributes of liveability in subtropical MSAB, and that the ability to control 
these factors, are influenced by building design. There are multiple challenges of 
meeting residents’ desires for personal control over their own space, including the 
desire for outdoor living, in MSAB in the subtropical urban environment. The key 
finding is that residents overwhelmingly prefer natural ventilation but choose air- 
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Table 6.  Some resident issues and solutions for managing comfort and privacy.  Issue or action Indicative comments Physical barriers to manage thermal comfort  We put blinds up that are thermal. They knock out all of the U.V. rays as well as in winter time keep the heat in and keep the cold out to ninety eight percent. (#22) Limiting a/c usage, and conserving energy by opening windows for air flow 
We try and use the air conditioner as little as possible, and so we haven’t 
used it at all this year. Last year we probably used it 3 or 4 times, maybe a 
couple of hours but generally if you open the windows you get a good 
breeze, it’s generally fine.…” (#14)  
I open the back door and let the breeze go through. That’s just the simplest 
form of conserving energy. Most people would go and turn the air 
conditioner on. Well, there are times in the year where I have to do that but, 
you do simple things with what you’ve got to reduce the amount of energy 
you take to live there and you can live more cheaply and very, very 
comfortably. (#16) Limiting a/c usage I do use air-conditioning, yes. Probably only in the summer time from about 
say, 4 in the afternoon through until 8 at night. (#12) Seasonal norms I never put the air-conditioner on heat (in winter). It would be very strange 
to do it. (#12) Indoor air quality concerns I don’t really like that idea of having a common tube of air conditioning flowing in from one room and out of that room and into the next room.  
Cooking smells and cigarette smells and all those sorts of things permeate 
your building. So the upside is it’s got good airflow when I open the window 
(#1) Noise and dust concerns Then you get the brake dust that comes up and the city pollution that dirties your balcony and furniture. So if you leave the doors open all the time you 
get the nice breeze coming through, but then you get all the dust and the 
pollution. (#19)  External noise and interrupted sleep If it wasn’t for the traffic noise [I would open the windows at night]. But I mean this sort of noise ... is worse at night … during the day it’s a steady 
noise. At night you’ll get a motorbike roar past, an ambulance go by with 
the sirens going or that sort of thing, heavy trucks. If anything it’s worse at 
night than during the day. There might be less vehicles but it’s a different 
type of noise. (#16) 
Sometimes we open the windows, but in the bedroom we never open the 
door because you don’t want the noise when you’re sleeping (#19) Inappropriate location of air-conditioning condenser units Our bedroom and our flatmate’s bedroom go on to a little balcony and it’s nice you can go and sit there but the air-conditioning [condenser] is on the wall, the big fan, so it just blows everything – hot air.  So if you put pot-
plants out there they just burn… you can’t sit out there with that air 
blowing, it’s like an oven.  It heats our room up (#6) 
The builders mounted the air conditioning units, for the adjoining unit 
there, right by where our bed head is supposed to go. So during the night 
when they’re running their air conditioners you hear the air conditioners 
groaning away. I mean that is a stupid building design (#16) Body Corporate restrictions We virtually have to dry everything (in the clothes drier) because we have strict rules: you shall not hang washing out on the balcony and that’s 
common to most properties (#16) 
 
conditioning when external conditions are too noisy or dusty to leave windows and 
doors open. Therefore paying attention to the control of noise is a high priority 
design issue for the success of MSAB living in the subtropics. The inter-relationships 
between thermal performance, natural ventilation and acoustic privacy and comfort 
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in architectural design integrating layout, structure and materials specifications are 
extremely important to resolving this issue, rather than assuming that air-
conditioning can be used to mitigate design problems. 
 
The finding that residents were not likely to use air-conditioning in winter, and were 
more likely to manage thermal comfort in summer by opening windows and doors is 
promising in terms of energy demand management, suggesting that designs that 
enhance air-flow within dwellings have significant potential to reduce MSAB 
residents’ need to use air-conditioning. The standardisation of notions of thermal 
comfort in affluent societies is leading to ‘thermal monotony’ (Brager and de Dear 
2003) which is becoming the norm in indoor environments as air-conditioning is 
used in housing to replace living spaces that are designed to respond climatic 
variations with human intervention.  Typically, the meaning of thermal comfort 
commonly used in conditioned spaces is based on the approach that assumes: 1) that 
“comfort” is universal;  2) that thermal variation outside the band is undesirable and 
3) that occupants of buildings want neutral, dry, still air (Miller, Kennedy, and Loh 
2012).   Clearly in the subtropics, residents do not want thermal monotony and they 
also desire greater choice and control over personal comfort in their own homes. 
 
However, dwellings in multi-storey buildings are potentially exposed to more noise 
than other housing types due to more expansive views and direct lines of sight to 
noise sources such as rail corridors, roads, and rooftop heating, cooling, or 
ventilation equipment on other structures (Vlek 2005, Naish, Tan, and Demirbilek 
2014, Kennedy 2009).  Traffic noise may also reflect upwards off the facades of the 
structures on either side of streets (Nicol and Wilson 2004).  In a vicious circle, high 
external noise levels are often used to justify the use of sealed environments and air 
conditioning in commercial and residential buildings.  However, conversations and 
other personal noises made by humans are often the most annoying sounds and some 
degree of ambient noise that helps mask neighbours voices and other noise (Deasy 
and Lasswell 1985) may be an important part of living in close proximity, and being 
able to remain “private”.  
 
Traffic noise may be less annoying than sounds from other people in the complex, or 
from neighbours in other types of dwellings, during the day, but becomes less 
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tolerable at night. Avoiding the combined impacts of traffic generated noise and air 
pollution is not a matter of simply closing windows and utilising air conditioning, 
especially with compelling evidence that people prefer natural ventilation.  As well 
as air-borne noise, structure-borne noise is also a problem in MSABs when noises of 
impacts and vibrations are transmitted through the buildings’ structure and services. 
Acoustic privacy is highly valued by residents and the Building Code of Australia 
Volume 1 requires inter-tenancy walls to have a discontinuous construction (a wall 
must have a minimum 20mm cavity between two separate ‘leaves’) to reduce noise 
transmission between dwelling units (ABCB 2013). The need to eliminate noise 
annoyance and enhance privacy is imperative, but these internal linings effectively 
rule out exposed thermal mass as the main element of passive thermal performance 
in apartments. Therefore, in a sub-tropical climate-responsive design approach, 
maintaining the cooling effect of natural ventilation, combined with thermal mass, 
must be a design priority. An approach to acoustics which integrates building plans 
and cross-sectional design and acoustic treatments to building facades is necessary so 
that windows can be kept open according to residents’ preferences. Well-designed 
balconies can play an effective role as sound insulators in this regard (Lee et al. 
2007, Naish, Tan, and Demirbilek 2014). 
 
High-rise residential buildings often have large glazed areas where natural lighting 
levels are achieved but excessive solar heat gains or glare in both winter and 
summer, are introduced if orientation and external shading are inadequate (Lam 
2000, Hofer 2008). These instances illustrate that objective knowledge is required to 
solve an array of problems simultaneously, but creative intuition is also required to 
provide practical solutions that respond to the human aesthetic and emotional needs 
of a user group (residents) with whom architects generally have no direct contact 
during the design process. In the subtropical humid climate, the challenge for 
designers is to find a balance between natural ventilation and noise, rather than 
designing solely for one parameter or the other. Environmentally, therefore, 
facilitating climate-responsive design in MSAB may help mitigate the need for air-
conditioning, leading to direct reductions in apartment household energy use and 
contributing to the stated objectives of urban consolidation policies. In the urban 
environment, it seems there may be a need to provide air-conditioning as well as 
climate-responsive design. An ideal solution would combine the best practices of 
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energy efficient specifications with strategically placed operable glazing that 
residents can adjust to capture prevailing breezes and allow daylight infiltration, 
exclude heat and glare, minimise unwanted noise, and provide privacy and views to 
the outside, according to their personal preference. Traditionally, the veranda has 
played this role in subtropical houses. In the MSAB, adjustable layers of external 
screening applied to openings and balconies may be one way of addressing multiple 
interrelated problems. Evidently some local apartment buildings already apply some 
of these principles (Figure 4) however, concerning issues for further design research 
are how to provide much-needed open space and personal climate control as towers 
increase in height and the effects of wind conditions make cross-ventilation difficult 
and projecting balconies extremely uncomfortable. Further, the influences of balcony 
structures on the environmental behaviour of MSABs also need careful examination 
in conjunction with functional criteria to enable residents of various building forms 
and configurations to benefit from the favourable subtropical conditions. 
 
Figure 4. Adjustable layers of external screening applied to openings and 
balconies in Brisbane apartment buildings. Source: (a) Centre for Subtropical Design 
QUT (b) Glenn Weiss. 
 
(a)    (b)  
 
CONCLUSION  
This paper places multi-storey apartment buildings (MSAB) within the context 
of urban sustainability in the Australian urban system, and identifies the conundrums 
associated with the suitability and acceptance of apartment buildings as a housing 
type in this mix.  Not only is the multi-storey building very energy-intensive in terms 
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of both embodied energy and operational energy, but Australian residents have 
expressed a reluctance to transition to higher density neighbourhoods and apartment 
buildings. The findings contribute evidence that should help inform property 
developers, policy-makers, designers and residents about the key attributes that 
enhance the liveability of MSABs in a subtropical context, and specifically of the 
need for a design approach that can mitigate the environmental impact of MSABs 
while improving the social acceptability of MSAB dwellings as a housing type in 
Australia’s subtropical cities.  
 
In particular this paper examines residents’ day-to-day experiences of their MSAB 
dwelling in the context of subtropical climate and lifestyle. The key findings are that 
residents seek flexibility and choice in how they manage privacy and comfort issues 
at different times of the day. Residents valued outdoor living and overwhelmingly 
prefer natural ventilation over continuous air-conditioning to manage thermal 
comfort in their dwellings. The discussion has shown the intense design 
interrelationships that exist between several comfort and privacy parameters in 
habitable apartment design (thermal comfort, acoustics, air movement, daylighting, 
visual and aural privacy). As well as the need to reduce reliance on air-conditioning 
and to deliver more nuanced personal control to residents over their private dwelling 
environment, the challenges of providing resident-identified liveability attributes of 
‘openness’ in the noise-laden urban environment and in taller buildings subject to 
windy conditions were identified, and require further research. 
 
In mediating the surrounding environment, practical issues for MSAB design in the 
subtropical climate are to ameliorate the combined effects of traffic-generated noise 
and air pollution, and gain both acoustic amenity and the cooling effect of natural 
ventilation. In mediating the shared environment of the collective building, reducing 
noise transmission between dwellings and maintaining the moderating effect of 
exposed thermal mass must be addressed. Therefore maintaining the cooling effect of 
natural ventilation is a design priority. Achieving the right balance between thermal 
mass, operable openings and glazing is critical in achieving an indoor environment 
which is neither over- nor under-heated, is well-lit but not glary, and affords views to 
the outside but may not be overlooked by passers-by or other residents, and finally 
can be opened to breezes but is not noisy.   
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Another fertile area for future research is whether there are any differences in the 
experiences or adaptive practices of tenants when compared to owner-occupiers. Our 
findings suggest that residents have similar experiences whether they own or rent. 
Nevertheless the question is pertinent and will be addressed in a future paper because 
much new MSAB development in Brisbane and similar cities is speculative and is 
aimed at the ‘investor’ market, meaning that most residents are likely to be tenants. 
There is a clear need for further design research to be undertaken with respect to 
designing MSABs that perform better socially, economically and environmentally, to 
assist residents to interact positively with the subtropical climate and urban 
environment, and to control the intensity of their interaction with neighbours. 
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Paper 1 focussed on resident’s day-to-day experience of living in MSAB in a 
subtropical context, and their reflections, learnings and recommendations. This paper 
(Paper 2) take a different lens to the issue of liveability in MSAB, focussing on the 
expert perspective on these issues as gathered through a two-day intensive design 
charrette framed to propose innovative design strategies for naturally daylit and 
naturally ventilated high rise residential buildings.  
 
5.1.1 Key Contributions of Paper 2  
Firstly, at a theoretical and methodological level, Paper 2 demonstrates the 
significant and innovative process of a design charrette as a design research method.  
Although charrettes are a relatively common aspect of the design process, to date, 
only a handful of publications have documented their processes and impact.  It 
establishes the value of a design charrette, in a research context. The design charrette 
explored how high-density high-rise living can be attractive, affordable and 
sustainable through positive engagement with the subtropical climate’s natural 
attributes. The quest to release apartment dwellers from dependence on energy-
hungry air-conditioning and artificial lighting was central to the design brief. Thus, 
the creative teams focussed on climate-responsive design principles for passive 
climate control including orientation, cross-ventilation and outdoor living in order to 
reduce greenhouse gas emissions and offset occupants’ rising energy costs. 
Secondly, this paper identifies the competing issues and interests of multiple 
stakeholders that designers juggle in the design process for MSABs generally, and in 
the quest for resolving naturally day lit and ventilated and affordable apartment 
dwelling design in urban areas particularly. Specifically, the paper presents data and 
discussion on factors affecting tower design. Four different schematic designs for 
cross-ventilated residential towers are presented. The documented design outcomes 
from this charrette provide useful empirical evidence regarding the challenges of the 
climate-responsive design approach to achieve both lower energy-dependency for 
MSAB and the socio-environmental attributes of dwellings that are considered 
important for liveability.  Significantly, this paper demonstrates that design capacity 
for innovation in MSAB design exists in Australia.  
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ABSTRACT   
 
QUT's Centre for Subtropical Design (CSD) partnered with a major developer to 
bring together some of Brisbane’s most experienced and creative architects and 
designers in a two-day intensive design charrette to propose innovative design 
strategies for naturally-ventilated high rise residential buildings.  
 
An inner-urban renewal site in Queensland’s capital city Brisbane gave four multi-
disciplinary teams the opportunity to address a raft of issues that developers and 
consultants will confront more and more in the future in warm humid climates. 
 
The quest to release apartment dwellers from dependence on energy-hungry air-
conditioning and artificial lighting was central to the design brief for the towers. 
Mentored by Richard Hassell of WOHA, the creative teams focussed on climate-
responsive design principles for passive climate control including orientation, cross-
ventilation and outdoor living in order to reduce greenhouse gas emissions and offset 
occupants’ rising energy costs. 
 
This article discusses how outcomes of the charrette take their cue from the city’s 
subtropical climate and demonstrate how high-density high-rise living can be 
attractive, affordable and sustainable through positive engagement with the 
subtropical climate’s natural attributes.  
 
INTRODUCTION 
 
In Brisbane, the high-rise residential tower is under the microscope.  It is generally 
thought that tower types derived from cooler climates are not appropriate for the 
climatic conditions enjoyed in the subtropical city with its mild dry winters and 
warm humid summers, and that these models are over-reliant on energy-intensive 
air-conditioning.  
 
According to a study of inner-urban Brisbane apartment dwellers’ perceptions and 
experiences by Buys et al (2008) as many as 83% of people prefer natural ventilation 
over air-conditioning and are frustrated at the lack of control they have over air flow 
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and thermal comfort in their own domiciles. People are concerned about indoor air 
quality, lack of ventilation and poor thermal comfort, and the inexorable rise in 
energy costs. The study also revealed that residents are well aware of the role 
building orientation plays in thermal comfort and daylight penetration. Natural light 
to dwellings is highly valued by residents for its association with feelings of more 
comfortable, liveable and aesthetically pleasing interiors, as well as for energy 
saving advantages. ‘Openness and permeability’ and strong connections to nature 
through all the senses are key values of subtropical living. 
   
The Centre for Subtropical Design at QUT conducted a design charrette which 
involved four ‘creative teams’ led by architects working with landscape architects, 
engineers, urban designers, developers, building physicists and social scientists. The 
teams collaborated on design options for climate-responsive residential towers 
demonstrating the key principles of natural light to every habitable room and cross-
ventilation to every apartment.   
 
The site location for this intensive design research was an urban renewal area of 
Brisbane in close proximity to three of the city’s best-serviced public transport 
routes with seamless connections to all major destinations in the region. The focus of 
the charrette was on outcomes for the eventual occupants, and whether high-rise 
apartments that are naturally-lit and ventilated can be afforded by all members of 
society rather than only those who can afford sought-after premium locations on the 
beachfront and riverfront.  An integrated analysis of the buildings’ expected degree 
of thermal comfort, effectiveness of natural ventilation, availability of daylighting, 
predicted energy rating, acoustic amenity, economic feasibility and building 
efficiency revealed strong performance benchmarked in comparison to ‘business-as-
usual’ across most fields. 
 
COMMON ISSUES AFFECTING THE QUEST FOR NATURAL LIGHT 
AND VENTILATION 
  
Charrette participants identified an array of marketing, regulatory, technical, 
contextual and cultural issues which compromise the availability of natural light and 
ventilation in high-rise residential buildings. Most telling are the perennial tensions 
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between construction costs, ideal building form, energy ratings, and marketing 
values. 
 
Three Dimensional Form - Shape And Height  
Structural requirements for towers tend to a square floor plan in response to wind 
loads, yet natural ventilation usually requires a narrow rectangular floor plan 
resulting in a slender profile as buildings become taller.  
 
Wind Velocities and Air Movement Conundrum  
Air movement is essential to moderate humidity, but the effects of wind at upper 
levels of tall buildings can make cross-ventilation difficult and use of balconies 
uncomfortable.   
 
Tensions Between Yield and Form 
Expectations of yield – maximising building economies and efficiencies, and 
minimising non-saleable floor space, particularly shared circulation space  – have 
led to the ubiquitous ‘double-loaded corridor’ apartment building model which is the 
least supportive of effective cross-ventilation for individual dwellings. 
 
Apartment Size 
Popular smaller dwellings such as studios and one or two-bedroom apartments are 
inherently shallow in plan.  This can increase external wall area to floor area ratios, 
particularly if bathrooms are located on external walls for natural light and 
ventilation.  Rather than accept the resultant upward effect on construction costs, 
developers tend to favour deeper plan apartments with internalised bathrooms. 
 
Regulations Associated With Tall Buildings 
Regulatory requirements for tall multi-residential buildings include the need for fire 
sprinklers, multiple fire stairs with pressurisation, more than one elevator, and relief 
mechanical ventilation to elevator lobbies.  Economies of scale dictate taller, deeper-
plan buildings.  
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Aspect Vs Outlook  
Developers assume that the market desires ‘unobstructed views’ over good solar 
orientation. This same assumption also leads to fully transparent glass balustrade 
designs for balconies. These marketing strategies soon lose their gloss for occupants 
when the ultimate usefulness of this valuable outdoor space is restricted for want of 
privacy or thermal comfort. 
 
Parking  
Normally, tall buildings containing a large number of dwellings require multiple car-
parking levels, either in basements or in podiums.  Basements are a very expensive 
method of storing vehicles (currently around $50,000A per car); and podium car-
parks tend to ‘de-activate’ the streetscape.  Attempts to disguise parking by affixing 
apartments to the street frontage of a podium ignore daylighting and cross-
ventilation of such dwellings. Ironically, despite their capital-intensity, car parks are 
often under-utilised.   
 
Privacy and Noise  
The ‘openness’ associated with natural ventilation seems contradictory to acoustic 
privacy and the need to prevent noise transfer between dwellings, particularly from 
balcony to balcony.  
 
Security  
Doors and windows left open for cross-ventilation are perceived to be a security risk. 
 
Traffic Noise and Air Quality 
Noisy and polluting traffic is a challenge for acceptance of natural ventilation of 
dwellings in urban environments where multi-residential buildings are required.  
 
Building Energy Ratings Systems 
The ‘points chase’ in the quest for ‘energy efficient’ design necessitates air-
conditioning and is working directly against place-responsive design.  A high ratio 
of external glazing to floor area, and natural ventilation both have a downward effect 
on building energy ratings.  
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STRATEGIES FOR ACHIEVING EFFECTIVE NATURAL VENTILATION 
FOR MULTI-RESIDENTIAL TOWERS IN THE SUBTROPICS  
 
The designers prioritised cross-ventilation as the most important design strategy and 
worked to achieve the optimal balance between this and thermal mass, day-lighting, 
acoustic amenity, privacy, operable openings and glazing and shading to influence 
the occupant’s experience for the better. There was also an express desire to adopt 
readily available and implementable technologies to demonstrate the ease with 
which the designs could be taken up by the industry. These two principles 
underlined a holistic approach which showed how a building’s operation could be 
improved by design to achieve positive social, environmental and economical 
change in the design, procurement and operation of residential towers. 
 
Nevertheless, the architectural forms generated by the four teams, for buildings 
ranging from 15-30 storeys, showed diverse solutions. All achieve the developer’s 
objective of city views yet favour solar orientation in the search for an efficient 
balance between climate-responsiveness and cost-effectiveness.  Layered facades 
and sheltered outdoor spaces develop a rich transition from outdoor to indoor spaces. 
 
Building Configuration 
The innovative interlocking configuration (Fig 1) by the QUT team creates a double-
loaded type that effectively halves the extent of corridors, with positive cost-benefit. 
Apartments are arranged over two levels with a double-height living space that blurs 
the line between interior and external space and results in an articulated composition 
of solid and void, and effective shading and ventilation (Fig 2). 
 
DBI Design’s proposal maintains a rational structural grid and very efficient towers 
above a podium. Apartments take advantage of an open core for cross-ventilation yet 
wall to floor ratios represent increased value for developers. The proposal is very 
strong on social sustainability making many well-thought-out meaningful moves to 
support choice and sustainable behaviours. For example, the simple but effective 
strategy of shared outer lobbies means that apartments can be expanded or 
contracted in size to provide flexibility of tenure, households and longer term 
residence for people of all ages (Fig 3). 
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Figure 1. QUT’s Interlocking Section © CSD 
 
 
 
Figure 2. QUT’s detail of articulated façade © CSD 
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Figure 3. DBI’s typical plan © DBI Design 
Cottee Parker Architects’ team drew inspiration from the Queensland vernacular 
house with its verandahs front and back and leafy for the apartments and arranged 
them around open cores featuring external “sky gardens” (Figs 4 and 5).  Increased 
wall-to-floor ratios are balanced by an efficient core design.  
 
Figure 4. Cottee Parker’s typical plan © Cottee Parker Architects 
 
Cox Rayner Architect’s single-loaded tower over a podium introduces a significant 
conceptual departure with an external core, and an emphasis on integrated planting 
and water systems based on the theme ‘not just a landscape an ecosystem’  (Figs 6 
and 7). Apartments all face north, and the city-facing sky lobbies are re-imagined as 
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sheltered outdoor places that people can occupy for a variety of purposes – not just 
for passing through as quickly as possible. 
 
Figure 5. Cottee Parker’s typical apartment section© Cottee Parker Architects 
 
 
Figure 6. Cox Rayner’s north elevation © Cox Rayner Architects 
 
 
Figure 7. Cox Rayner’s sky lobby view © Cox Rayner Architects 
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Wind and air movement conundrum  
Balconies and outdoor living are synonymous with the subtropical lifestyle.  87% of 
Brisbane’s inner urban apartment dwellers identified their balcony as their favourite 
living space (Buys et al, 2008), using them for a variety of out-of-doors purposes 
day to day including relaxing, clothes drying, ‘gardening’ and so on, activities which 
may be compromised by poor design in tall buildings as wind forces on the facades 
of buildings become exponentially stronger with building height.  The main issue is 
to ensure that design accounts for the characteristics of the local wind availability, 
including ways of moderating strong winds and inducing air movement to alleviate 
comfort on hot days in low velocity conditions.   
 
DBI Design’s concept of the ‘rough facade’ (Fig. 8) has many advantages for 
slowing air flow and reducing turbulent vortices across the facade while creating 
high and low pressure zones that induce cross-flow through apartments. These ‘wind 
walls’ are multi-functional, providing useful sun-shading, acoustic shielding and 
reducing sound transmission between dwelling units as well. Strategies developed 
by other designs demonstrate this principle as well (Figs. 2 and 9). 
 
 
Figure 8 DBI’s “Rough” facade and roof garden © DBI Design 
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Figure 9 Cottee Parker’s north facing towers © Cottee Parker Architects 
 
Thermal comfort and energy efficiency 
Brisbane’s macroclimate is said to be within the comfort zone for 80% of the year. 
Most people perceive it to require ‘cooling’ predominantly, however conditions are 
‘too hot’ only 2% of time and are actually ‘too cool to cold’ almost 18% of the time. 
 
Lighting and air-conditioning is non-essential in shared circulation areas in 
residential buildings yet typically account for consuming upwards of 30% of energy. 
The charrette outcomes present viable alternatives for both shared and private areas. 
 
The point of difference which challenges ratings systems is the re-conceptualisation 
of the external wall, or the line of enclosure. For air-conditioned buildings, the need 
for air-tight and moisture-tight barriers is crucial for energy efficiency. The normal 
definition of the line of enclosure is the point at which the interior is separated from 
the exterior by an air and moisture barrier.  Hyde (2000) points out that the problem 
with this definition is the meaning of ‘barrier’.  In warm climates, for ‘free-running’ 
naturally ventilated buildings, the barrier need not necessarily be air-tight to 
maintain thermal comfort.  Each of the designs presented offer integrated strategies 
for natural ventilation and lighting that minimise summer heat gain and maximise 
winter heat gain for substantially-reduced energy demand.  
 
 124 Chapter 5: Paper 2 
Each design team created a detailed energy model for analysis using IES Virtual 
Environment. All facade thermal properties, natural ventilation and control strategies 
were modelled as accurately as the software permitted. The same models were used 
to determine annual energy consumption, daylight and thermal comfort within 
interiors.  For example, the thermal comfort model for the QUT design was analysed 
using the ASHRAE Standard 55-2004 for naturally conditioned zones revealed that 
the units are within the 80% acceptable limit for most days during summer. 
Extensive shading design (Fig 2) may require some review in balance with the 
glazing properties as daylighting levels within the units are lower than they could be. 
 
Parking  
Despite the potential for higher densities to reduce car-dependency, regulated 
parking requirements increase as residential density increases.  Innovative strategies 
dealing with parking range from reducing excavation and material costs through 
compact car-stackers, pay-by-use arrangements and ventilated podiums fronted by a 
separate street-facing habitable zone (Fig 10). 
 
Figure 10. Street-facing apartments to podium edge Cox Rayner © Cox Rayner 
Architects 
 
SIGNIFICANCE 
Most of the world’s urban population growth is occurring in subtropical and tropical 
zones. Designs that oblige people to use air-conditioning for indoor thermal comfort 
exacerbate the use of fossil fuel energy and CO2 emissions, are also implicated in 
 Chapter 5: Paper 2 125 
significant long term cost imposition on occupants as the costs of energy rises 
inexorably.  Residential tower developments are often procured through the investor 
marketing process.  Thus, many occupants of high-rise apartment buildings are 
likely to be renters, and the lack of choice as to whether living costs can be kept 
down by choosing to control thermal comfort and ventilation through passive 
systems may become more and more influential on the feasibility of a tower 
development.   
 
The design capacity exists in Australia – architects and engineers are motivated to 
innovate and design attractive, liveable, naturally-ventilated buildings. The main 
challenge to changing the dominant development paradigm is in the junction 
between urban land economics and quality of urban living – and the recognition that 
concepts of price (up-front cost) and value (impact on occupant’s experience) are not 
the same. 
 
Importantly, the provision of natural ventilation cannot be a stand-alone design 
objective but must be integrated with other considerations to achieve overall positive 
project outcomes in terms of comfort, safety, health, privacy and so on, as well as 
cost-effectiveness considered over the life of the building. 
 
Best practice design for natural ventilation for multi-storey residential buildings has 
clear benefits, especially in terms of minimising energy demand.  Dilemmas remain 
over towers’ intensive embodied energy, dependency on elevators for vertical 
transportation and expensive construction process.   
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Paper 3 looks at what happens when daily life in MSAB is disrupted by extreme 
weather events, reporting on residents’ perspectives of the experience of 2011 flood 
in the Brisbane River and its aftermath. It focuses on the experience of residents 
living in multi-storey apartment buildings in West End, Brisbane, an inner city 
suburb which was severely affected by the flood. The central objective of this 
research was explore whether contemporary high-density high-rise residential 
building typologies support their occupants during a crisis – and what lessons can be 
taken from this to enhance liveability. 
 
Data was collected on seventeen (17) buildings in West End whose dates of 
construction, physical forms, layouts and circulation types, heights and locations are 
representative of multi-storey construction in Brisbane over the past five decades. 
This paper is focussed on the extent to which these buildings could support their 
occupants to remain insitu by maintaining functionality or recovering quickly in the 
event of loss of electrical power as a result of natural disasters or other causes. A 
comparative analysis of a range of multiple-storey apartment buildings revealed the 
impact that changing trends in the design of physical environment has on a 
community’s resilience. With very little other research in this space, the findings 
highlight how the extent of the impact on residents was dramatically influenced by 
the scale and type of building inhabited and the extent of inherent energy-
dependency of the base building.  
6.1.1 Key Contributions of Paper 3  
Firstly, this paper describes an innovative design research method applied to 
the complex problem of sustainable MSAB in subtropical cities. Specifically, 
medium-to-high-density residential buildings in the suburb were mapped in flooded 
and non-flooded locations and a database containing information about the buildings 
was created. Parameters included date of construction, number of storeys, systems of 
access and circulation, and potential for access to natural light and ventilation for 
habitable areas.  
Secondly, this paper powerfully illustrated the multitude of serious issues that 
became apparent throughout and beyond the flooding crisis and associated power 
outage. It identified the increasing trend of technology-driven design where designers 
resort to energy to solve design problems that have previously been solved through 
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an architectural approach to resolving physical form. It also identified the negative 
effect that this has on everyday liveability and resilience. The salient issues which 
faced residents of multi-storey apartment buildings as a result of the extraordinary 
flood event were not only thermal comfort problems but unforeseen issues like 
security: vertical access and mobility issues without elevators and poorly lit 
stairwells; poor ventilation and air quality issues as apartments became overheated 
and stifling without air-conditioning; loss of potable water for drinking, bathing and 
clothes washing without booster pumps; disruptions to communications phone and 
internet cabling; sanitary issues without flushing toilets; lack of security without 
electronic locking; lack of fire safety including failure of fire sprinkler systems and 
alarms; and basement inundation without water pumps.   
 
Reliance on mains power dramatically influenced the impacts experienced by the 
occupants of multi-storey residential buildings, whether or not they were actually 
inundated by floodwater.  However, more contemporary buildings were most 
affected during the immediate crisis and during the lengthy recovery through 
seriously limited access and egress, and poor thermal comfort due to the buildings’ 
designed-in reliance on air-conditioning rather than natural ventilation. 
 
Finally, in terms of the overall outcomes of this study, the paper advocates for the 
need for climate-responsive design to be adopted for everyday sustainability and to 
avert the rising human capital and financial costs of natural disasters and climate 
change.  
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ABSTRACT 
The inner city Brisbane suburbs of the West End peninsula are poised for 
redevelopment. Located within walking distance to CBD workplaces, home to 
Queensland’s highest value cultural precinct, and high quality riverside parklands, 
there is currently a once-in-a-lifetime opportunity to redevelop parts of the suburb to 
create a truly urban neighbourhood. According to a local community association, 
local residents agree and embrace the concept of high-density living, but are opposed 
to the high-rise urban form (12 storeys) advocated by the City’s planning authority 
(BCC, 2011) and would prefer to see medium-rise (5-8 storeys) medium-density 
built form. 
 
Brisbane experienced a major flood event which inundated the peninsula suburbs of 
West End in summer January 2011.  The vulnerability of taller buildings to the 
vagaries of climate and more extreme weather events and their reliance on main 
electricity was exposed when power outages immediately before, during and after the 
flood disaster seriously limited occupants’ access and egress when lifts were 
disabled. Not all buildings were flooded but dwellings quickly became unliveable 
due to disabled air-conditioning. Some tall buildings remained uninhabitable for 
several weeks after the event.  
 
This paper describes an innovative design research method applied to the complex 
problem of resilient, sustainable neighbourhood form in subtropical cities, in which a 
thorough comparative analysis of a range of multiple-dwelling types has revealed the 
impact that government policy regarding design of the physical environment has on a 
community’s resilience.  
 
The outcomes advocate the role of climate-responsive design in averting the rising 
human capital and financial costs of natural disasters and climate change. 
 
Keywords subtropical climate, multi-storey apartment buildings, resilience, 
liveability, cross-ventilation 
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INTRODUCTION  
In Australian urban centres urban consolidation and compact urban form are viewed 
as key strategies to manage significant urban population growth and contain urban 
sprawl sustainably (Qld Govt, 2009). Multi-residential buildings will play an 
important role in facilitating the redirection from low-density suburbia to higher 
urban densities. However, a major flood event in January 2011 has exposed how 
contemporary building design and construction practices, coupled with regulatory 
and planning issues, appear to have compromised the resilience and habitability of 
multi-storey residential buildings. 
 
According to Kenworthy’s 84-city study of automobile dependence, urban density 
and CO2 emissions have a direct, inverse correlation (Kenworthy, 2003 cited in UN-
Habitat, 2008). Compact cities with increased density are associated with lower 
energy consumption and reduced CO2 emissions. Historically, Brisbane has had high 
rates of car-use, but low rates of air-conditioned buildings.  Now, rapidly increasing 
numbers of air-conditioned dwellings are a growing phenomenon due to the 
combination of affluence, cheap energy and acceptance of poor design.  
Paradoxically, peak electricity loads are increasing as density increases. This paper 
will show how this trend is particularly marked in recently-constructed multi-
residential buildings. Ironically, South East Queensland’s (SEQ) subtropical climate 
positions the region well to embrace a form of urban settlement that is less dependent 
on cars and air-conditioning. Brisbane’s subtropical climate is warm and humid in 
summer, with dry cool winters. The city does not experience the extremes of heat 
and cold endured in other climates, and humidity is alleviated by prevailing breezes. 
Yet commercial and household air-conditioners are increasingly contributing to 
urban electricity consumption and residential air-conditioning loads account for a 
high percentage of the peak electricity load in summer (Engineers Australia, 2010, 
and Pricewaterhouse Coopers, 2006) reflecting international trends in both developed 
and developing countries (UN-Habitat, 2008). 
 
Local communities often view higher-density urban form negatively (Troy, 1996) 
and media reports regularly link higher densities with a perceived loss of urban 
character and open space. Articles by Frew ‘Battle for beauty in a city going flat out’ 
(2008) and Fraser and Gaynor ‘How population growing pains are about to reach 
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new heights’ (2010) are typical. On the other hand, the West End community is 
broadly supportive of urban renewal but is not supportive of built form which implies 
towers taller than eight storeys high (WECA, 2008). In principle, high density 
buildings and precincts within sub-tropical environments can be designed to more 
effectively respond to the climate to suit locals’ love of outdoor living, and to reduce 
pressure on energy infrastructure. Yet, the converse seems to apply with much 
contemporary urban development ignoring or negating the positive effects of the 
natural climate and forcing residents to rely on air-conditioning for thermal comfort, 
and leading to public perceptions of low amenity of the buildings themselves and the 
surrounding neighbourhoods. Policies which promote compactness and densification, 
if not accompanied with appropriate policies and principles to support good urban 
design and architectural quality, are likely to further undermine the community’s 
confidence in the liveability and desirability of higher densities in the SEQ region’s 
cities. 
 
The concept of ‘liveability’ is linked to a range of factors that are affected by 
planning and urban design such as quality of life, health, sense of safety, access to 
services, cost of living, comfortable living standards, mobility and transport, air 
quality and social participation (VCEC, 2008; Howley et al, 2009).  Liveability has 
been broadly described by VCEC (2008) as “the well-being of a community and 
represents the characteristics that make a place where people want to live now and in 
the future”.  This paper sets out to link resilience to liveability, and to examine 
whether a general reassessment of certain multi-residential housing archetypes is 
required to inform future urban growth management. 
 
A major flood event in the Brisbane River in January 2011 put resilience of urban 
places and systems to the test and provided a timely, if unwelcome, opportunity to 
investigate how high-density residential typologies performed without electricity 
when power supplies were disconnected to parts of Brisbane for several days in 
Summer 2011. This research was conducted in the inner urban area of West End 
(taking in South Brisbane and Highgate Hill) where urban consolidation policies 
began to be implemented almost a decade ago. Located within walking distance to 
Brisbane’s Central Business District, and home to Queensland’s highest value 
cultural precinct and high quality riverside parklands, West End typifies 
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neighbourhoods undergoing urban renewal of post-industrial sites. According to the 
West End Community Association, there is “a once-in-a-lifetime opportunity” to 
redevelop parts of the suburb to create a truly urban neighbourhood (WECA, 2008).  
The West End peninsula is also the location of several long-established apartment 
buildings and many newer multi-residential developments representing a variety of 
typologies. It was one of the Brisbane riverside suburbs that were heavily impacted 
by the flood. 
 
In this study, though not necessarily regarded as high density in other contexts, high 
density buildings are identified as 3 - 10 storeys according to Brisbane City Council 
housing codes (Brisbane City Plan 2000, 2009). In the Queensland context, it is 
generally accepted by planning authorities that as densities increase, the number of 
storeys in buildings must also increase.  This is true up to a point, but the relationship 
between density and building height is not directly correlated. Firley and Stahl’s 
(2009) comprehensive comparative typological analysis of a range of urban housing 
types in various cities around the world show some of the highest densities to be in 
low-rise cities. 
 
Nevertheless, apartment buildings taller than three storeys were quite rare in 
Brisbane until the 1980s.  Certainly, at the time of the last major flood in the 
Brisbane River (1974) few tall residential buildings existed along the inner-urban 
reaches of the river. Since then, many new towers have been constructed on what is 
generally considered ‘premium’ riverside land offering views, open space and 
breezes. Many more dwellings and residents were affected by flooding in 2011 than 
in 1974.  After the 1974 flood, various flood mitigation measures were put in place 
in upstream catchments, including a major dam, and new buildings were approved 
on the basis of habitable areas being above a certain flood datum.  Water rose to 
500mm above this level in at least two of the buildings examined in this study whose 
ground floors were at datum. Most new buildings had one or two basement parking 
levels below the datum.  
 
This research addresses a multitude of serious issues that became apparent 
throughout and beyond the flooding crisis and associated power outage. In the first 
 Chapter 6: Paper 3 135 
instance, these issues arose when authorities were compelled to disconnect power to 
the area in the face of rising flood. In the longer term, because many of their vital 
services’ electronic controls were located in basements and were damaged by flood 
water, some apartment buildings did not regain full functionality for months after the 
event.  The salient issues which faced residents of multi-storey apartment buildings 
as a result of the extraordinary flood event were: basement inundation without water 
pumps; vertical access and mobility issues without elevators; poor ventilation and air 
quality issues as apartments became overheated and stifling without air-conditioning; 
loss of potable water for drinking, bathing and clothes washing without booster 
pumps; disruptions to communications phone and internet cabling; sanitary issues 
without flushing toilets; lack of security without electronic locking; and lack of fire 
safety including failure of fire sprinkler systems and alarms. 
 
One of the main motivations for this research is to explore whether buildings 
containing multiple dwellings can maintain functionality, or recover quickly, in the 
event of loss of electrical power as a result of natural disasters or other causes.  
Understanding the factors that influence residents’ perceptions of liveability in high-
density locations can assist with the planning, management and design of high-
density residential buildings and neighbourhoods to create supportive and 
sustainable cities. Certain design aspects of multi-storey apartment buildings were 
identified as likely to affect occupants’ activities, use, comfort and well-being. The 
investigation probed how energy-dependency, access and circulation systems, access 
to natural ventilation; parking; waste management, and open spaces are interlinked. 
This paper describes some of the findings of the research which grouped design 
elements that are regulated by building codes (ABCB, 2011) and some by planning 
codes.  
 
RESEARCH DESIGN 
The central objective of this research was explore whether contemporary high-
density high-rise residential building typologies support their occupants during a 
crisis – and what lessons can be taken from this to enhance liveability. The research 
was conducted at the building level, with implications for the neighbourhood context. 
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The question lends itself to a case study approach which is appropriate “when the 
focus is on a contemporary phenomenon with some real-life context” (Yin, 1994). 
In order to uncover multiple factors and explain and describe how these factors 
overlap to lead to particular outcomes such as the degree of resilience multi-storey 
apartment buildings offer their occupants, the research combined qualitative methods 
in four phases commencing with an active appraisal of the area; multi-storey 
apartment buildings were mapped in both flooded and non-flooded areas using 
internet-based methods; and categorised according to circulation type and physical 
form; and finally, a series of semi-structured interviews were conducted with the 
residents of four case study buildings selected for more in-depth exploration. A range 
of regulatory issues regarding access and egress, fire safety and planning codes were 
also reviewed. 
 
Using the websites Google Earth and Nearmap, multi-storey residential buildings in 
the defined locality were first identified visually using various search parameters 
based on building classification (according to the  National Construction Code of 
Australia, ABCB, 2011), building systems, and site topographical location. Buildings 
selected were limited to those over three storeys in height, and displaying evidence 
of systems that were considered likely to be electricity-dependent such as elevator 
shafts, or HVAC plant. Seventeen (17) multi-storey apartment buildings were 
mapped by this method. Nine (9) of these were inundated by flood or storm-water.  
Figure 1 shows the geographical spread of cases, including flooded zones. This was 
not intended to be an exhaustive survey of all existing multi-storey buildings in the 
area, nor of all the residential buildings that were impacted by the flood, but the data 
collected is representative of buildings varying in their layouts and circulation types, 
physical forms, heights, locations and dates of construction, allowing multiple case 
studies to be compared. 
 
In order to compare the likely impacts of electricity shortage on occupants of 
different combinations of design parameters, information about the selected 
buildings was collated in a database. All seventeen buildings were visited, and data 
regarding physical attributes was recorded using visual survey techniques (digital 
photography, sketches and notes using a template to ensure consistent fields of data 
were gathered for each building). Information regarding typical floor plans was 
 Chapter 6: Paper 3 137 
retrieved from developers’ or real estate agents’ websites, and cross-checked with 
visual analysis. Each case was categorized according to Sherwood’s (1978 and 2002) 
system of typological analysis for circulation type and physical form.  Examination 
of the buildings in this way was important to indicate potential for access to natural 
light and ventilation. The data is summarised in Table 6.1. 
 
 
 
Figure 1 Location of selected Multi-storey Apartment Buildings on the West End Peninsula. 
Source: Google Maps and Near Map January 2011 
 
Finally, residents involved in the owners’ management committees of several 
buildings were invited to participate in a series of semi-structured interviews which 
would provide information on the building users’ perspectives from an informed 
point of view. Residents of Buildings 1, 2, and 3 were contacted through a local 
community organization. Additional data on Building 4 was gathered by contacting 
residents directly to obtain information. Respondents were all owner/occupants of 
dwellings. Six participants, three male, and three female, representing four buildings 
were interviewed.   
 
RESULTS 
In order to gain an understanding of the composition and development over time of 
the urban fabric of West End, a group of architectural studies graduates conducted an 
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active review of the ‘trans-sect’ of the West End Peninsula from the City of the 
Brisbane River to the St Lucia reach, on foot. The group recorded observations 
photographically and in note form. The ‘walkshop’ revealed that development 
patterns have generally been high density but low-rise. Highly diverse in both form 
and use, but due to the predominant scale of two-to-three storeys on small lots, 
buildings were unlikely to be severely disrupted by lengthy power outages. It quickly 
became apparent that larger scale developments higher than three storeys were more 
likely to be impacted negatively by loss of power and services. The new larger scale 
developments on combined or amalgamated sites presented lift cores, transformers 
on street frontages, and driveways to basement car parks with over-scaled openings 
to accommodate large waste management vehicles on site. The main observation of 
the public realm generally was the ubiquitous presence of large mobile waste bins on 
sidewalks and within property boundaries, with most properties having two 250litre 
bins for every tenancy. 
 
The data in Table 6.1 below illustrates the large number of dwellings represented by 
the multi-storey apartment type of building and reflects economic and regulatory 
trends in property development in the Brisbane market over recent decades. Only 
four of the buildings were over eight storeys in height. One of these was completed 
in 1961, and two were constructed during the 1980s building boom. The model 
adopted by developers in the first decade of the 21st Century has tended 
overwhelmingly to be eight storeys or less. Nine of these buildings are located in the 
low-lying urban renewal area.   
 
Table 6.2 describes critical building systems which are dependent on a continuous 
supply of energy. All the buildings have elevators, with many having two or more. 
Ducted air-conditioning is present in all the buildings that were constructed since 
2002. None of the older buildings have ducted air-conditioning though numerous 
individual apartments have split-systems installed. Only three buildings do not have 
centralized fire sprinklers. All but three buildings have electronic building security; 
most have intercom entry systems. All have pumps for draining sumps or filtering 
swimming pools. All have electric motors for a variety of purposes.  All the 
buildings in the study shared a temporary (almost week-long) power outage, 
affecting vertical access and other systems.  Residents of buildings which were 
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inundated had power restored to isolated parts of the buildings as soon as it was safe 
to do so, but most of the systems considered to essential to living in multi-storey 
apartments were not returned to service for weeks, and sometimes months. 
 
Table 6.1  
Summary of Typological Analysis of Multi-Storey Apartment Buildings 
 
Case 
Study 
Building 
Date Height 
above 
ground 
(Storeys) 
No of 
dwellings 
Circulation 
type 
(Sherwood, 
1978 and 
2002) 
Physical 
form (x 
=no of blgs) 
(Sherwood, 
1978 and 
2002) 
Parking  
(levels) 
Flood 
zone 
1 2002 6 54 
apartments +  
5 townhouses 
Gallery 
access 
Courtyard U/ground 
(1) 
Yes 
2 2007 6 76 
apartments 
+ 
7 townhouses 
Double 
loaded 
corridor 
Slab U/ground 
(2) 
Yes 
3 2009 7 34 
apartments 
Point access Tower U/ground 
(2) 
Yes 
4 1970 6 24 
apartments 
Point access Tower At grade (1) No 
5 1960 18+ 
8 
98 + 
49 
apartments 
Point access 
+ 
Gallery acc 
Tower 
Slab 
Abv/grnd 
(4) 
At grade (1) 
No 
No 
6 2011 10 84 
apartments 
+ 
5 townhouses 
Gallery 
access 
Slab (2) U/ground 
(2) 
Yes 
7 2011* 8 77 + 
91 
apartments 
Double 
loaded 
corridor 
Slab (2) U/ground 
(2) 
Yes 
8 1985 7 14 
apartments 
Point access Tower U/ground 
(1) 
Yes 
9 1981 13 49 
apartments 
Point access Tower U/ground 
(2) 
No 
10 1982 7 45 
apartments 
Point access Tower (2) Abv/grnd 
(2) 
No 
11 2009 6 52 
apartments 
Point access Tower (2) U/ground 
(2) 
Yes 
12 1987 14 42 
apartments 
Point access Slab  U/ground 
(2) 
Yes 
13 2011* 8 297 
apartments 
Double 
loaded 
corridor 
Slab  (3) U/ground 
(2) 
No 
14 2011 7 85 
apartments 
Point access Perimeter 
Block (2) 
U/ground No 
15 2007 6 Approx 48 
apartments 
Point access Perimeter 
Block (3) 
U/ground No 
16 2005 5 22 
apartments 
Point access Perimeter 
Block  
At grade (1) 
U/ground 
(1) 
No 
17 2004 7 65 
apartments 
+ 
5 townhouses 
Double 
loaded 
corridor 
Slab U/ground 
(2) 
Yes 
 *Substantially complete but unoccupied during Jan 2011. 
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Table 6.2 
Critical Building Systems 
 
Bldg Date Height  
(Storeys) 
Elevators 
(number) 
Air 
Conditioning 
Centralised 
Fire 
Sprinklers  
Sumps Electronic 
Security  
Other 
Electric 
Motors 
1 2002 6 1 Ducted Y Y Y Y 
2 2007 6 2 Ducted Y Y Y Y 
3 2009 7 1 Ducted Y Y Y Y 
4 1970 6 1 N N N N N 
5 1960 18+8 2+0 N N N Y N 
6 2011 10 3 Ducted Y Y Y Y 
7 2011* 8 4 Ducted Y Y Y Y 
8 1985 7 1 N Y Y N Y 
9 1981 13 1 N Y Y Y Y 
10 1982 7 2 N N Y N Y 
11 2009 7 1 Ducted Y Y Y Y 
12 1987 14 2 Ducted Y Y Y Y 
13 2011* 8 3 Ducted Y Y Y Y 
14 2011 7 2 Ducted Y Y Y Y 
15 2007 6 3 Ducted Y Y Y Y 
16 2005 5 1 Ducted Y Y Y Y 
17 2004 7 2 Ducted Y Y Y Y 
*Substantially complete but unoccupied during Jan 2011 
 
The research identified a number of critical systems failures due to power outage 
which had a significant impact on residents’ wellbeing, comfort and safety and 
shows that the more energy-dependent, the more vulnerable buildings are to failure 
during power outages. 
 
Flooded basements. Flooding of basement levels occurred for two reasons: when 
inundated by rising flood-water or when stormwater valves failed and basement 
sump pumps were unavailable because they were reliant on electric motors and had 
no back-up power when electricity supply was disconnected. Subsequently, 
basements flooded and services were damaged including pump motors and controls, 
elevator cars and motor rooms, lighting, communications, mechanical ventilation 
systems, building security systems, fire safety equipment and alarms. The 
ramifications were felt by the residents and owners long after the water had subsided, 
with many systems remaining out of action for weeks and months. 
 
Mobility issues – vertical access. Authorities were compelled to disconnect 
electricity as the flood crisis approached. When elevators were immobilised, people 
were obliged to evacuate buildings using emergency exit stairways. In several 
buildings, the enclosed stairwells normally reserved for fire exits were dark and 
 Chapter 6: Paper 3 141 
became congested with people evacuating, as well as people moving large items up 
into the buildings from lower levels.  Interviews revealed that during evacuations 
some elderly people felt unable to negotiate multiple flights of stairs, or, conscious of 
impeding the movement of other residents elected not to evacuate at all (bringing 
other problems as the crisis progressed over a period of days, such as access to fresh 
food, safe refrigeration and cooking facilities). During power failures, and long 
periods of inoperative elevators, stairwells and corridors without the benefit of 
natural light sources were unlit zones and became a source of anxiety within 
apartment complexes. 
 
Thermal comfort issues – reliance on air-conditioning. Most of the buildings were 
not designed with functional cross-ventilation for all dwellings; some apartments and 
shared corridors did not have operable windows and relied solely on air-conditioning 
for thermal comfort, and ventilation. With power outages, the majority of dwellings 
in most post-2000 buildings became uncomfortably hot and stifling. Shared corridors 
and stairwells were similarly affected.  Only one recently-constructed building in the 
study had functional cross-ventilation for all apartments (Building 6), while all 
apartments in pre-1987 buildings are cross-ventilated.  Though they were not reliant 
on air-conditioning, residents in older buildings temporarily lost the benefit of ceiling 
fans during the four-six day power outage. Some apartments in the new buildings are 
fitted with automated retractable external sun shading systems to west-facing 
balconies. These devices had no override for manual operation and were rendered 
useless, further exacerbating poor indoor conditions.  
 
Building Security. Loss of electronic security systems including automatic roller 
shutters to basement parking garages presented safety and security issues for all case 
studies, but were more challenging for the most recently constructed buildings which 
did not have alternative manual systems, and also had keyless locking and multiple 
‘access points’ in locations that could not readily be visually surveyed in the months 
following the disaster.    
 
Traffic problems. Wholesale evacuations of residents with vehicles towing trailers of 
personal effects created ‘choke points’ in the car parks of some buildings, and on 
local streets. West End apartment residents without their own car were obliged to 
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rely on relatives or friends for help to evacuate.  Local planning policy is actively 
aiming at reducing car-dependency, providing public transport and limiting parking 
ratios in new buildings. Interviews revealed that while some residents embrace the 
opportunity to forego car ownership, other households still have multiple vehicles 
and as a result, scarce visitor parking and street parking is often occupied by 
residents’ vehicles. During the flood emergency, streets were congested with 
vehicles involved in evacuations. In an example of how vulnerable tightly-coupled 
elements of complex urban systems are to break-down, the public transport network 
was one of the first city systems to be shut down during the crisis. Electric trains did 
not run and buses were halted by flooding of the bridge approaches.   
 
Refuse management issues. Various systems for collection and management of waste 
were also impacted by flood and power outage to various degrees. Floating bins 
damaged basement walls and equipment, and spilled rubbish added further 
contamination. Compactors were unserviceable without power and water damage.  
 
DISCUSSION  
All the buildings in the study were affected by mobility issues, particularly without 
elevators during the temporary power outage.  Had the older buildings been located 
in flood-prone areas, they too may have sustained more long term impacts, however 
the older buildings were generally more resilient due to the lack of pervasive 
electronic systems, and in having more readily usable stairways and corridors with 
access to daylight and air.  Regulatory provisions for access and egress and fire 
safety have not changed dramatically in the past forty years, apart from dimensional 
changes to better suit access for people with disabilities which was legislated in 2001 
(ABCB, 2011). The main difference between the older and newer examples is design 
for natural ventilation, with all the older layouts allowing functional cross-
ventilation.   
 
The research has revealed that the majority of the recently-constructed buildings in 
the study are eight storeys or lower.  Multi-storey apartment buildings are the most 
expensive of all housing types to develop and construct.  As building heights and 
storeys increase, construction ‘type’ also changes according to the National 
Construction Code of Australia (ABCB, 2011) which sets minimum standards for 
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safe habitation in terms of structure, fire resistance, access and egress, services and 
equipment, and energy efficiency as well as certain aspects of health and amenity.  In 
order to avoid a range of regulatory requirements which affect capital expenditure 
(for example, multiple fire stairs with pressurisation; emergency elevator with back-
up power; and relief mechanical ventilation to elevator lobbies) many developers 
elect to develop multi-residential buildings at the height threshold of 25 metres, or 
about eight habitable floor levels, which do not require these elements. Once 
buildings are taller than the 25metre height threshold, other considerations which 
affect developers’ risk profile come into play, and only a few large developers are 
able to move to a larger scale of development. 
 
The relationship between ‘yield’, thermal comfort, circulation and community. 
Planners seek to facilitate long term resilience of communities through policies that 
support diversity, yet demographic trends indicate that more and more households 
will comprise two people or less.  Speculative development responds with housing 
‘product’ providing dwellings that appeal to a particular cohort’s needs and income. 
For example, single people, students, young professionals, retired couples without 
children and so on. The smaller apartments and studios that may appeal to small 
households are inherently shallow in plan with an increased ratio of external wall 
area-to-internal floor area.  Rather than accept the resultant upward effect this has on 
capital expenditure, many developers seek to maximise profit by maximising the 
number of dwellings per floor and minimising floor area taken up by non-saleable 
shared circulation areas. As a result, many high-density building designs employ the 
‘double-loaded’ interior corridor to access numerous dwellings by the one shared 
corridor, within fire regulations. However, this strategy usually results in a lack of 
natural light and ventilation for such corridors, stairways and lobbies. In the 
Australian context, the resulting energy costs of providing artificial light and air-
conditioning to these spaces, often continuously, are not borne by the developer but 
directly by the body corporate of owners who in turn pass them on to their tenants.  
Individual dwellings are similarly constrained in terms of access to cross-ventilation 
and daylight to internalized rooms. Acceptance of the ‘double-loaded’ interior 
corridor means that Australian multi-storey housing types are becoming increasingly 
reliant on active systems for heating, cooling and mechanical ventilation.   
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Despite changing attitudes toward thermal comfort in affluent societies, (Brager and 
de Dear 2003) recent research funded by the Australian Research Council into the 
impacts of higher-density living in subtropical city, found that apartment residents in 
Brisbane’s inner urban locations associate lack of cross-ventilation with an 
undesirable reliance on air-conditioning, and 83% of survey respondents expressed a 
preference for natural air flow over air-conditioning (Buys et al, 2008).   
 
Horizontal and vertical circulation systems are powerful drivers of the success or 
otherwise of both the environmental and social performance of multi-residential 
habitats.  Access and circulation ‘pathways’ can either block or generate access to 
light and air, and promote or inhibit a sense of community. Bay (2011) has 
researched relative levels of frequency of occurrences of social activities that 
contribute to a sense of community and quality of life in apartment buildings in 
Singapore and found a strong correlation between both of these factors - corridor 
configurations which gave residents access to both outdoor climatic comfort and 
opportunities for social interaction, were most successful in community-building.  
However, clear demarcation of what is public and what is private space is important 
(Buys, et al, 2009) in order to avoid the unpleasant situation of people constantly 
walking past dwellings and looking in whether they mean to or not.   
 
In contemporary developed economies like USA and Australia, stairways are no 
longer seen as a relevant means of moving through a residential building.  As 
buildings become taller, the ‘elimination of everything that goes beyond the purely 
physical overcoming of a difference in height’ leads to impoverishment of shared 
circulation spaces (Ebner et al, 2010). Though vital as emergency means of escape, 
stairways are relegated to a secondary role that demands no care in presentation – 
unpainted concrete walls and stair treads, and vandal-proof fluorescent lighting are 
de rigeur.  In the western tradition at least, these spaces are not designed for 
lingering and are not intended as places to meet others.  The opposite trend is now 
occurring in office buildings where several floors or workplaces are connected by 
high quality open stairways to encourage communication and movement between 
floors. Enclosed corridors and stairways in multi-residential buildings represents an 
uncreative response to regulatory issues and an unwillingness to invest in design 
effort or non-standardised designs that are not ‘deemed to comply’ outcomes and 
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which require a slightly higher degree of liaison and collaboration with regulatory 
bodies to achieve.   
The way in which residents are linked to the neighbourhood via transition zones 
between public space and private realms is also important.  Residents of multi-storey 
towers typically enter the building by a single point (often from a basement car-park) 
and little pedestrian activity is generated on the adjacent street.  In comparison, 
observations of street-facing dwelling types in Vancouver’s new high-density 
neighbourhoods by Macdonald (2005) suggest that high-density dwellings with 
entries directly from the street contribute visual interest, activity and social 
interaction to neighbourhood character, as suggested by urban design theorists, 
Jacobs (1961) and Gehl (1987).     
 
People generally want buildings that work well for them, and to feel that they have 
choice in the control of their comfort needs, from noise to air movement (Buys et al, 
2009). A building’s design, and efficiency of its operation are also influential in the 
harmonious life of a building’s community. Leaman and Bordass (1999) describe 
chronic performance failures of modern buildings, citing defects ranging from waste 
caused by energy inefficiency to unwanted noise and irredeemable vandalism – often 
the result of mismatch between design and the expectations of occupants.  Various 
researchers emphasise the importance of understanding user needs and preferences 
and the relationship between people and their housing environments (Rapoport, 
1969, Cooper-Marcus and Sarkissian, 1986, Buys et al 2009). The results of the 
study described by this paper revealed a complex set of influences on the resiliency 
and liveability of multi-storey apartment buildings, from interpretation of building 
codes to various stakeholders’ expectations of project success.   The findings indicate 
an insufficient awareness of these connections between key areas of planning, 
design, procurement and user expectations, and a lack of accountability between 
stakeholders involved in a multi-storey residential project. Urban consolidation 
policies in Brisbane have coincided with an increasing reliance on air-conditioning 
rather than natural ventilation for dwellings and shared spaces in multi-storey 
apartment buildings. Over the coming decade, perceptions of design quality are 
likely to derive more and more from responses to rising costs of water and power, 
and to the predicted effects of climate change including the incidence of more 
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frequent extreme weather events and the need to reduce occupants’ vulnerability to 
hazard or risk. 
 
CONCLUSION 
Using a qualitative approach in several phases, data was collected on a number of 
multi-storey apartment buildings in the West End Peninsula in Brisbane, Australia. 
This research points to how people's experience of a recent flood disaster was 
dramatically influenced by the type of building they inhabited. The research 
highlighted how mainstream urban development, and conventional design and 
construction practices compromised the performance and habitability of certain types 
of buildings before, during and after the recent flood disaster in the urban areas of 
Queensland.  For instance, reliance on mains power dramatically influenced the 
impacts experienced by the occupants of multi-storey residential buildings, whether 
or not they were actually inundated by floodwater, seriously limiting access and 
egress, and affecting thermal comfort due to the design’s reliance on air-conditioning 
rather than natural ventilation. 
 
Resilience was low in energy-dependent buildings and ‘liveability’ was unsupported 
during the crisis and beyond. Further research is needed to explain whether code-
compliant designs compromise performance and if so, what needs and expectations 
of occupants are not being supported by current building codes, and planning 
schemes. A comprehensive understanding of complex factors is needed for the 
application of context-driven, resident-centred planning and design principles 
including a flexible approach to shaping design solutions. 
 
Though the focus of this research has been on the architecture of buildings rather 
than on planning per se, the results demonstrate how policies aimed at achieving 
compact urban development can result in patterns of development or individual 
building outcomes not necessarily anticipated by local government whose stated long 
term aim is to produce high-density urban form that is environmentally, 
economically and socially sustainable. The implications of this research for 
subtropical cities is to advocate the value of climate-responsive design for achieving 
sustainable outcomes that are adaptable to climate change, and particularly design’s 
role in averting the rising human and financial costs of natural disasters. 
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7.1.1 Key Contributions of Paper 4 
The January 2011 flood disaster in Brisbane brought the sustainability of 
contemporary multi-storey residential building designs into sharp focus. Paper 4 
focuses specifically on how the loss of electrical systems in residential buildings in a 
subtropical environment negatively impacted on resident’s lifestyles. This paper 
delineates technical systems that impacted residents’ convenience, and those that 
impacted residents’ safety and security. The latter had negative impacts on residents’ 
sense of well-being. Both essential services (lifts, and fire detection, water booster 
and mechanical ventilation) and non-essential services (keyless locking, corridor 
lighting and dwelling air conditioning) were implicated.  
 
The paper also delineates several areas where design approaches that adhere to 
“deemed to satisfy” regulatory solutions, and/or that privilege development cost 
efficiencies over climate-responsiveness and residents’ liveability, result in 
compromises. The paper explains how this approach has led to increased 
vulnerability to power outages for occupants. Energy security and alternatives to 
mains power supply for electricity requirements of modern urban dwellers of multi-
storey buildings are discussed. Collection, storage and fair distribution of renewable 
energy is problematic in the context of this building type and scale. Battery storage 
technology is currently unstable (dangerous and unpredictable) and therefore 
inappropriate.  The paper concludes that material and physical design alternatives are 
currently very slim but must be found and implemented to reduce residents’ 
vulnerability to the impacts of critical systems failure to complement climate-
responsive design. 
 
The key finding of this paper is that contemporary apartment buildings in subtropical 
Brisbane are becoming more and more dependent on energy, rather than less 
dependent at a time when the city’s vision is explicitly focussed on urban 
sustainability. This has led to increased vulnerability to power outages for occupants. 
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 ABSTRACT  
With significant population growth experienced in South East Queensland over 
the past two decades and a high rate of growth expected to continue in coming 
decades, the Queensland Government is promoting urban consolidation planning 
policies to manage growth sustainably. Multi-residential buildings will play an 
important role in facilitating the increased densities which urban consolidation 
policies imply. However, a major flood event in January 2011 has brought to light 
the vulnerability of certain types of multi-residential typologies to power outages. 
The crisis conditions exposed how contemporary building design and construction 
practices, coupled with regulatory and planning issues, appear to have compromised 
the resilience and habitability of multi-storey residential buildings.  In the greater 
urban area of Brisbane, Queensland, the debilitating dependence that certain types of 
apartment buildings have on mains electricity was highlighted by residents’ 
experiences of the Brisbane River flood disaster, before, during and after the event. 
This research examined high density residential buildings in West End, Brisbane, an 
inner city suburb which was severely affected by the flood and is earmarked for 
significant urban densification under the Brisbane City Plan. Medium-to-high-
density residential buildings in the suburb were mapped in flooded and non-flooded 
locations and a database containing information about the buildings was created. 
Parameters included date of construction, number of storeys, systems of access and 
circulation, and potential for access to natural light and ventilation for habitable 
areas. A series of semi-structured interviews were conducted with residents involved 
in the owners’ management committees of several buildings to verify information the 
mapping could not provide. The interviews identified a number of critical systems 
failures due to power outage which had a significant impact on residents’ wellbeing, 
comfort and safety.  Building services such as lifts, running water, fire alarms, 
security systems and air-conditioning ceased to operate when power was 
disconnected to neighbourhoods and buildings in anticipation of rising flood waters. 
Lack of access to buildings and dwellings, lack of safety, lack of building security, 
and lack of thermal comfort affected many residents whether or not their buildings 
were actually subjected to inundation, with some buildings rendered uninhabitable 
for a prolonged period. The extent of the impact on residents was dramatically 
influenced by the scale and type of building inhabited, with those dwelling in 
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buildings under a 25m height limit, with a single lift, found to be most affected. The 
energy-dependency and strong trend of increasing power demands of high-rise 
buildings is well-documented. Extended electricity outages such as the one brought 
about by the 2011 flood in Queensland are likely to happen more frequently than the 
50-year average of the flood event itself. Electricity blackouts can result from a 
number of man-made or natural causes, including shortages caused by demand 
exceeding supply. This paper highlights the vulnerability of energy-dependent 
buildings to power outages and investigates options for energy security for occupants 
of multi-storey buildings and makes recommendations to increase resilience and 
general liveability in multi-residential buildings in the subtropics through design 
modifications.  
Keywords: multi-residential buildings, electrical systems, energy security, 
mobility, natural ventilation, subtropical, thermal comfort.  
 
INTRODUCTION 
With significant population growth experienced in South East Queensland over 
the past two decades and a high rate of growth expected to continue in coming 
decades, the Queensland Government (2009) is promoting urban consolidation 
planning policies to manage growth sustainably. Multi-residential buildings will 
play an important role in facilitating the increased densities which urban 
consolidation policies imply. However, a major flood event in the Brisbane 
River, January 2011, heavily impacted many river-side suburbs and the 
catastrophe has highlighted the debilitating dependence that certain types of 
multi-residential typologies have on mains electricity. Many multi-storey 
buildings were inundated and residents experienced major disruptions to 
‘normal’ routines for several weeks. Other apartment buildings that were not 
directly affected by floodwater also experienced several days without power and 
their occupants’ activities were affected temporarily. The purpose of this paper 
is to present the results of research undertaken in the West End peninsula which 
draws attention to the vulnerability of apartment buildings to power outages, 
and discusses factors which may exacerbate the lack of energy security of these 
types of buildings.  
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 Energy dependency of high-rise buildings 
 
The energy dependency of high-rise buildings has been well documented by 
Oldfield et al (2009), Lam (2000) and Wan (2003). Oldfield et al (2009) 
identifies the post-WW2 technological developments of the elevator, air 
conditioning systems and glass curtain wall facades that have been largely 
responsible for energy demand and energy dependency in tall buildings. Wan 
(2003) highlights the increase of household appliances and climate control 
devices as strong contributors to buildings’ energy demands. In both developed 
and developing countries, household air-conditioners are increasingly 
contributing to urban electricity consumption and account for a high percentage 
(in the order of 40%) of peak electricity load in summer (UN Habitat, 2008). 
These international trends are mirrored in Australia. The 19% rise in electricity 
use from 2001 to 2007 can be attributed to larger home sizes, more appliances 
and IT equipment in homes and increased use of space heaters and coolers 
(ABS, 2010).  A report by Engineer’s Australia (2010) notes that the average 
Queensland household electricity bill has nearly doubled over the last decade, 
and while electricity demand grew twice as fast as the national average, the 
peak electricity demand has grown even faster. Significantly, the rates of 
household ownership of air-conditioning units increased from 25% to 65% 
between 2000 and 2008 (Pricewaterhouse Coopers, 2008). 
Despite the emerging trend for “environmentally conscious” buildings that have 
a clear focus on sustainability and energy efficiency, the literature does not 
suggest that removal of all electrical systems is an option: it is implied that 
electricity and its subsequent services will continue to play a major role in the 
operation of multi-storey buildings, and the strong trend of accommodating 
expanding populations in multi-storey buildings will continue (MGI, 2009). 
Electricity Shortages 
 
The circumstances in Brisbane during the flood crisis of 2011, where authorities 
were compelled to disconnect power to flood-affected suburbs, mimicked the 
effects of an electricity shortage. An electricity ‘blackout’ is caused when 
demand exceeds supply, however electricity shortages are a relatively new 
phenomenon. Meier (2006) describes various man-made and natural phenomena 
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which have resulted in shortages including heat waves causing high demand, 
droughts causing inadequate water supply for power plants, safety concerns 
causing plants to shut down. Extreme weather events causing electricity 
shortages are likely to increase in frequency and intensity (IPCC, 2007) yet 
community expectations for reliable electricity supply are also rising. The recent 
flood in Brisbane presented an unfortunate but timely case study scenario to 
understand the impacts of prolonged electricity outages on the occupants of 
multi-storey apartment buildings. 
 
Presumably, the existing buildings were designed and constructed in 
compliance with building codes and local planning codes, yet, as a result of loss 
of electrical energy the occupants faced particular problems during the flood 
event including compromised vertical access and mobility issues.  In the 
aftermath of the flood, these problems continued for months in buildings whose 
electrical services and equipment sustained flood damage.  The goal for this 
research is to investigate the resilience of apartment buildings to the impacts of 
power outages, and the extent to which design and compliance with regulatory 
issues affect or compromise the ability of buildings to maintain functionality, or 
to recover quickly, in the event of loss of electrical power as a result of natural 
disasters or other causes.   
 
RESEARCH DESIGN 
 
The inner urban area of West End (taking in South Brisbane and Highgate Hill) 
was selected as a case study on the basis that it is representative of urban change 
across Australian cities where planning policy is aimed at urban consolidation 
primarily focused on sustainable values.  It is ear-marked for significant 
population growth under the South Brisbane Riverside Neighbourhood Plan 
(Brisbane City Council, 2011) where industrial land is being redeveloped into a 
series of urban ‘precincts’. As well as several long-established apartment 
buildings being situated in the suburb, numerous multi-residential buildings 
have been constructed in river-side locations over the past decade, as the flood-
risk to these properties was deemed to be low. Using a qualitative approach in 
several phases, data was collected on a number of apartment buildings and 
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combined with information gained from semi-structured interviews with 
building residents.  
 
Buildings selected for a structured observational study were limited to multi-
storey apartment buildings displaying systems that were considered important 
for electricity security such as lift cores, or HVAC plant. Figure 1 below shows 
the location of seventeen buildings which vary in their layouts, physical form, 
heights, location and date of construction. Circulation type and physical form 
were considered important to describe the potential for natural light and 
ventilation. Table 1 describes the buildings in terms of these parameters. Nine 
of the buildings examined were located in areas that flooded. In order to gain an 
understanding of people’s actual experiences from a well-informed perspective, 
residents who were involved in owners’ management committees were targeted 
through a local community organization and invited to participate in a series of 
semi-structured interviews. Six participants from four buildings were 
interviewed. The focus of open-ended interview questions was on which 
services were considered to be most critical for their building’s functional 
operations, and which services had the largest impact on living conditions in 
their apartment, and on their quality of life within the building.  
 
 
Figure 1 Location of selected multi-storey apartment buildings on the West End peninsula in 
Brisbane.  
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OVERVIEW OF FINDINGS 
 
The data in Table 1 reflects economic and regulatory trends in property 
development in the Brisbane market over recent decades. Only three of the 
buildings were taller than eight storeys in height: one completed in 1960, and 
three constructed during the 1980s building boom. Few, if any, apartment 
buildings over three storeys were constructed in the area in the 1990s. The 
model adopted by developers in recent years has tended overwhelmingly to be 
below nine storeys high and located in proximity to the river in the urban 
renewal area, though allowable buildings heights vary from four to 30 storeys 
depending on the site area, street frontage and the precinct (BCC, 2011). 
Underground parking garages are also common to this model, though not 
specifically mandated by the planning code. Our research found that ducted air-
conditioning is present in all the buildings that were constructed since 2000. 
None of the pre-2000 buildings have ducted air-conditioning though several 
individual apartments have split-systems installed. Only three buildings do not 
have centralized fire sprinklers. All but three buildings have electronic building 
security, including intercom entry systems. All have pumps for draining 
basement sumps. All have electric motors for a variety of purposes.  
 
In all cases, immobilisation of the lift had the greatest impact on residents 
during and after the flood. In the short term, residents of most multi-storey 
buildings were inconvenienced once authorities disconnected electricity to the 
entire area. Though power was eventually restored several days later, elevators 
remained out of action longer in the buildings which were inundated because lift 
cars, motors and control systems located in flooded basements sustained 
devastating damage. The buildings’ fire stairs became the primary mode of 
vertical circulation, but were ill-designed for both evacuation (of people 
carrying chattels) and regular use, with poor or no artificial lighting, natural 
lighting or natural ventilation. Elderly and disabled individuals experienced 
difficulties during evacuation procedures. Some were unable to return to their 
homes for several weeks. Residents felt that the loss of the lifts during the 
‘recovery’ phase would not have felt so acute if the alternative was not so 
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inhospitable.  Lack of lighting generally presented problems within individual 
apartments (such as bathrooms) but most of the buildings studied lacked natural 
light to shared corridors and stairwells. Light wells in some buildings provided 
daylight to corridors but not to stairwells. This was perceived by residents as a 
personal security risk. 
 
Table1.  
Description of selected multi-storey apartment buildings at West End 
 Date Height  
(Storeys 
above 
ground) 
No of dwellings Circulation type 
(Sherwood, 1978, 2002) 
Physical form 
(Sherwood, 1978, 
2002) 
Parking (levels) Flood 
zone 
1 2002 6 54 apartments +  
5 townhouses 
Gallery access Courtyard U/ground (1) Yes 
2 2007 6 76 apartments + 
7 townhouses 
Double loaded corridor Slab U/ground (2) Yes 
3 2009 7 34 apartments Point access Tower U/ground (2) Yes 
4 1970 6 24 apartments Point access Tower At grade (1) No 
5 1960 18+ 
8 
98 apartments + 
49 apartments 
Point access + 
Gallery access 
Tower + 
Slab 
Abv/grnd (4) 
At grade (1) 
No 
No 
6 2011 10 
 
84 apartments + 
5 townhouses 
Gallery access 2 x Slabs  U/ground (2) Yes 
7 2011* 8 77 + 
91 apartments 
Double loaded corridor 2 x Slabs U/ground (2) Yes 
8 1985 7 14 apartments Point access Tower U/ground (1) Yes 
9 1981 13 49 apartments Point access Tower U/ground (2) No 
1
0 
1982 7 45 apartments Point access 2 xTowers  Abv/grnd (2) No 
1
1 
2009 6 52 apartments Point access 2 xTowers U/ground (2) Yes 
1
2 
1987 14 42 apartments Point access Slab  U/ground (2) Yes 
1
3 
2011* 8 297 apartments Double loaded corridor 3 x Slab   U/ground (2) No 
1
4 
2011 7  85 apartments Point access Perimeter Block (2) U/ground No 
1
5 
2007 6 Approx 48 
apartments 
Point access Perimeter Block (3) U/ground No 
1
6 
2005 5 22 apartments Point access Perimeter Block  At grade (1) 
U/ground (1) 
No 
1
7 
2004 7 65 apartments + 
5 townhouses 
Double loaded corridor Slab U/ground (2) Yes 
 *Substantially complete but unoccupied during Jan 2011. 
 
Loss of fire safety systems (including alarms, booster pumps, smoke detectors 
and sprinklers) presented a major safety risk. Back-up power for fire sprinkler 
systems failed when inundated by flood waters or due to faulty fuses, creating 
dangerous environments for residents. Fire alarms are designed so that only 
Emergency Services personnel are able to switch them off. Due to the high 
demand and other priorities for these Services during and after the floods, many 
alarms sounded for days on end, heavily impacting the psychological wellbeing 
of residents who either chose to stay in West End during the crisis, or did not 
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need to evacuate. In the months following the crisis, residents faced a higher 
risk in buildings which lacked the benefit of functioning fire safety systems.  
 
Basement levels were inaccessible due to loss of ventilation equipment and 
excessive build-up of heat and fumes. Air-conditioning exhaust fans for some 
apartments were also located in the basement. Loss of air-conditioning systems 
was unpleasant for the residents in terms of air quality and thermal comfort. 
Interviewees commented that if their apartments were cross-ventilated this issue 
would have been effectively mitigated. Cross-ventilation was not an issue in the 
older buildings in the study whose apartments had access to at least two external 
faces. Four of the buildings constructed between 2004 and 2011 utilise the 
double-loaded corridor circulation model which disallows cross-ventilation in 
most circumstances. In one single-loaded gallery access building the gallery 
corridor was enclosed in non-openable glazing thus rendering obsolete any 
potential cross-ventilation advantage to apartments. Some apartments are fitted 
with automated retractable external sun shading systems. However, without 
manual override for operation these devices were rendered useless, leaving 
apartments without protection from summer sun penetration and further 
exacerbating poor indoor conditions.  
 
A problem that is quite specific to modern apartments is the electronic security 
system comprising important security elements such as automatic roller shutters 
to basement parking garages and electronic locks on main entrances which are 
usually linked to an intercom system. Water-damaged control boards rendered 
the systems inoperable, and basements and pedestrian entrances were 
effectively unsecured. Being unable to visually monitor entrances had various 
negative practical and psychological impacts on residents already upset by the 
flood event. During the lengthy rehabilitation period after the flood, residents 
were not able to use intercom or CCTV.  Having to manually open the main 
door for visitors often entailed a long walk through the complex from their 
home to the shared entry through unlit corridors and stairwells.  Residents and 
visitors also felt the loss of individual flexibility in coming and going. In at least 
one building with a sophisticated keyless locking system, residents instigated a 
curfew after which entrances were locked with chains.  
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Pumps for boosting water pressure for potable water supply to upper level 
apartments for drinking, bathing and clothes washing were affected by power 
outage as were sewage pumps and swimming pool pumps. Submerged pumps to 
drain basement sumps were of great concern. While the pumps themselves are 
designed to be submerged, the electronic control mechanisms are not. The 
basement sumps in at least one of the buildings were critical to the building’s 
normal operation as the basement is below the water table and requires constant 
pumping to keep it free of water. The loss of sumps in flooded buildings 
prolonged the process of emptying the basement areas of flood-water and 
hampered the recovery of many other systems.   
 
Multi-storey residential buildings are unlike other residential structures in that 
mobility, water supply, refuse management and indoor environment quality are 
intrinsically linked to the uninterrupted supply of electricity. The electrical systems 
described above fall into two main categories; those that impact the resident’s 
activities and those that impact the resident’s safety. A building’s lift predominantly 
impacts a resident’s activities, while a building’s fire safety system impacts a 
resident’s safety without impeding their daily activities. Ventilation, pumping and 
security systems impact both the residents’ activities and safety to varying degrees. 
Climate-responsiveness of the dwelling, and the link to thermal comfort and to 
household budget emerged as an area of heightened interest to residents after the 
experience of prolonged power outage. The research has shown that the more 
energy-dependent buildings are, the more vulnerable they are to failure during power 
outages. In some cases compliance with regulatory issues through deemed-to-comply 
solutions has seen a greater dependency on electricity. In other cases, such as keyless 
locking, adoption of new technologies has added to the challenges of power outages.   
 
DISCUSSION 
 
The buildings less than nine storeys high in this study were particularly 
vulnerable to power outages. There is no regulatory requirement for back-up 
power supply or an emergency lift or stair pressurisation for multi-residential 
buildings which have an effective height of 25m to the highest habitable floor 
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(ABCB, 2011). Developers can avoid the greater capital costs involved in more 
stringent fire safety measures by not exceeding this height threshold. The post-
2000 buildings in the study also demonstrate space-efficient circulation models 
coupled with low floor area-to-external wall area ratios, strategies favoured by 
developers for cost and profitability reasons. These approaches compromise 
access to natural ventilation and daylight while point access towers from earlier 
decades achieved spatial efficiency in circulation, but had higher external wall 
area ratios because the emphasis for achieving thermal comfort was on window 
and door openings, orientation and appropriate external shading, rather than 
solely relying on air-conditioning. Designs that oblige people to use air-
conditioning for indoor thermal comfort in the subtropics are not only 
implicated in unnecessarily high demand for electricity, but also expose 
occupants to power-outages and to increasing housing costs as the retail cost of 
electricity rises sharply.  Energy costs for thermal comfort are avoidable 
through design, but inescapable when prohibited by design. Maintenance of 
expensive electronic building systems is also a long-term cost burden on the 
building owners. All of the energy-dependent systems which were disabled and 
damaged by inundation in January 2011 are high capital-cost items that are 
expensive to replace or to retrofit for improved resilience. In one case study 
building, the cost of replacing lift motors and controls in the vulnerable 
basement was over $40,000 while the cost of relocating equipment to the top of 
the existing shaft was six times more expensive and not able to be afforded by 
the Body Corporate. Further, apartment dwellers face very real difficulties in 
obtaining insurance to cover most risks in multi-storey buildings. Anecdotally, 
residents claimed that few insurance companies offer insurance for strata title 
buildings and flood cover had proven impossible to obtain.  
 
Naturally, the Queensland Government responded to the flood crisis by calling 
for a review of existing regulations to improve the resilience of electrical 
equipment during floods through various physical and technical means 
(Queensland Government, 2011). However, an important approach to reducing 
vulnerability to power outages must be to reduce energy dependency by 
reducing energy demand through alternative design solutions which not only 
require less energy, but also support behavior to use less energy. For example, 
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fire-isolated passageways, ramps and stairways of fire-resisting construction 
generally serve emergency evacuation procedures well, but are not suitable for 
everyday use. Stairways in multi-storey buildings can serve the multiple 
purposes of means of escape, legitimate means of circulation, and generators of 
light and air simultaneously within current regulatory requirements. This 
approach requires collaboration and motivation on the part of developers, 
regulators and service providers (designers and builders). Designed well, such a 
model can not only achieve developers’ objectives of yield, but can also 
encourage more use of stairs for access.  
 
Energy security is a priority for ‘high risk’ structures like hospitals. Though not 
considered ‘high risk’ the multi-storey apartment housing archetype is 
inherently energy dependent, and providing greater energy security may also be 
a valid matter for consideration. There is already a large body of research 
relating to the energy consumption of multi-residential buildings and the 
potential for both grid-connected and stand-alone renewable energy generation, 
distribution and storage (Dalton 2009, Hadjipaschalis et al 2009). Electricity 
generation on a residential building scale is complicated and expensive either 
for logistical, technical or environmental reasons. It is also evident that energy 
storage on a multi-residential building scale is largely untested and many of the 
technologies involved such as batteries are hazardous and difficult to manage in 
a residential environment. Though battery technology is one of the most rapidly 
developing methods of energy storage due to increased demand for more 
powerful and more portable electronic devices such as computers and phones, 
as well as the rapid growth of the electric and hybrid car industries, they are 
inherently reliant on electricity for their charge which means they would 
realistically be able to support only hours of continued operation after loss of 
power and are currently not suitable to provide electricity security to residential 
buildings.  
 
CONCLUSION 
The January 2011 flood disaster in Brisbane has brought the sustainability of 
contemporary multi-storey residential building designs into sharp focus. This 
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study identified how the loss of electrical systems residential buildings in a 
subtropical environment impacted resident’s lifestyles and uncovered multiple 
overlapping factors which influence the resilience of energy-dependent 
buildings. 
 
Building services such as lifts, pumps, running water, fire alarms, security 
systems and air conditioning ceased to operate when authorities disconnected 
power to flood-affected areas in the face of the approaching flood. Many 
buildings became uninhabitable due to lack of access, lack of safety and 
security, and lack of thermal comfort. Over the prolonged period of recovery 
these deficiencies became more pronounced. Residents were particularly put out 
by system failures that affected their wellbeing, comfort or safety.  A building’s 
lifts were identified as having the greatest impact on the liveability of multi-
storey buildings as there are no mechanical substitutions available to provide the 
same service for tall buildings. The focus of the discussion was on the 
intersection between the architecture of the building and dependency on 
electrical systems that are increasingly being ‘taken for granted’ in 
contemporary Australian society. 
This paper does not advocate for taller buildings as they have their own set of 
issues. More research is required to address the long-term implications of design 
choices that transpire as parties involved in procuring such buildings make 
trade-offs based on their own criteria for project success. If urban consolidation 
policies are to be successful, the adaptive challenges of reducing greenhouse gas 
emissions must be addressed. 
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Chapter 8: Key findings and discussion 
8.1  OVERVIEW 
This thesis is about the “fit” of privately owned multi-storey apartment 
buildings (MSABs), and particularly the dwellings within them, in the context of 
sustainable development, especially urban consolidation and energy and GHG 
emissions reductions policies, in cities generally, and in the subtropical social, 
cultural and environmental context of Brisbane specifically. While the relationships 
between sustainability, urban consolidation, density and housing form have been 
investigated by many researchers, my research is unique in offering an architectural 
approach to exploring if and how this housing type aligns with residents’ lifestyle 
quality expectations and sustainability policy objectives to facilitate liveable 
environments and reduce GHG emissions within an urban subtropical context.  
 
Currently, apartment buildings are an energy-intensive typology, and apartments are 
the least desired housing type in Australian cities. Unless apartment living becomes a 
far more attractive mainstream proposition for permanent residents in Australia, and 
apartment buildings far less GHG-emission intensive, then apartment developments 
will remain controversial elements of the 21st-century city. 
 
Residents, designers, developers, planners, and the community at large face a series 
of conundrums when negotiating the complex array of issues that impact on housing 
choice in Australia’s cities. It could be argued that all parties seek affordable, healthy 
and safe housing. With the MSAB type, the values and objectives of the different 
stakeholders are traded off in decisions about what is built in response to, or in spite 
of, planning policies and regulations aimed at achieving these outcomes. The 
eventual occupants, the residents, are generally not involved in the earliest stages of 
the design process when primary design decisions are made that influence the 
eventual outcomes that they will experience in everyday life.  
 
This PhD by publication focusses on the phenomena of the private apartment and of 
dwelling privately to explore the potential for apartment living to become more 
 166 Chapter 8: Key findings and discussion 
socially and environmentally acceptable in Australian society. The papers featured in 
this thesis are drawn together by the following research question: 
 
What are the key factors in building design that impact residents of multi-storey 
apartment buildings in a subtropical context? 
 
The research design integrated three research projects – Higher Density Living 
(HDL), West End Case Study and Subtropical Tower Charrette – to explore and 
explain the positive and negative aspects of how design impacts the apartment 
dwelling experience for the resident. Specifically, the research first drew on the 
findings from the HDL project (a quantitative survey of 636 residents and 24 follow-
up qualitative interviews with selected respondents), which considered residents’ 
everyday experiences to identify the subjective attributes that facilitate liveable 
environments in MSABs (Chapter 4, Paper 1). Key residential experiences impacted 
by design factors are as follows:  
• Access to sufficient space for everyday home-based activities (generic design 
fails to address nuances that make an apartment a home);  
• Access to private outdoor space and availability of natural ventilation for 
thermal comfort;  
• Sense of personal control over indoor environment quality, aural and visual 
privacy, and behaviour-related resource-use decisions. 
 
Following this, the expert perspective on these liveability issues was explored 
through the outcomes of the Subtropical Tower Charrette Project, design-led research 
that generated architectural process drawings, design representations, and video 
footage of verbal presentations by architects. The process of designing four 
hypothetical, naturally lit and cross-ventilated apartment buildings identified a large 
number of competing requirements that must be objectively resolved in the design 
process including perennial tensions between: 
• “yield” for profitability and “form” for climate-responsiveness and liveability 
• View and orientation 
• Technical issues, for example wind velocity and air movement 
• Structural requirements and regulatory requirements.   
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Chapter 5 (Paper 2) found that designers prioritised the cross-ventilation of private 
dwellings as the major design strategy for apartment towers in order to reach an 
adequate response to resident-identified attributes of natural ventilation and daylight 
with equatorial orientation, and the developer’s primary objectives of maximising 
yield and obtaining city views from the dwellings. Generally, though diverse in 
execution, the examples adopted a “slab” type building form that delivered cross-
ventilated apartments with space for indoor and outdoor living, as well as visual 
privacy and strategies to reduce noise transmission between balconies, all within 
regulatory compliance. The individual dwellings in each example were 
volumetrically similar, being predominantly long and narrow, as a result of the search 
for structural efficiencies to support the developer’s profitability objective.  
 
The designs also demonstrated various feasible solutions to achieve visual and aural 
privacy between dwellings, and spatial flexibility for a diversity of tenures, 
household types and life stages. Flexibility and adaptability were also apparent in the 
reconceptualisation of the façade, with permeable layers of screening that occupants 
could adjust to control light, breeze, and privacy. The design that featured two-storey 
dual-aspect type apartments (Case 4) found more favour with the developer than the 
other three solutions because its rational circulation system effectively halved the 
non-saleable floor area devoted to shared corridors. This was largely achieved 
because vertical circulation was internalised to the private dwellings; thus, this 
function was privatised, and non-saleable space was converted into saleable space. 
Shared circulation areas were double-loaded corridors, with lifts and stairs at each 
end. The lift lobbies were day-lit and naturally ventilated. 
 
Finally, the West End instrumental case study focussed on residents’ experiences in a 
particular calamity (the 2011 Brisbane River flood) and how architectural aspects of 
their MSABs influenced these experiences. Data were collected from residents from 
a representative sample of 17 MSABs in West End, and interviews conducted with 
six residents. The unprecedented problems confronted by residents during this crisis 
that caused major electricity supply disruptions to MSABs were explained by the 
ways that technology-centred building design affects building form and 
configuration, and individual dwelling design. Chapter 6 (Paper 3) found that 
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residents’ problems were exacerbated when design was governed by a technological 
approach that relied on the continuous supply of electricity. Chapter 7 (Paper 4) 
identified critical systems failures and distinguished between those that affected 
residents’ safety and security, those that affected their sense of security and well-
being, and those that affected everyday liveability. Together, these papers clearly 
explain the effect that building design had on key socio-environmental attributes 
when the “everyday” was disrupted by a calamity. This experience of calamity 
changed residents’ awareness of and satisfaction with how well their dwellings, the 
collective apartment building and the wider environment supported the key attributes 
of liveability. This extraordinary experience also changed residents’ expectations 
about the “everyday” they presumed to be secure and safe. 
 
These papers reveal the tensions between the factors that residents considered 
important, such as comfort and ability to control comfort, and generic MSAB 
solutions. The findings of these papers indicate that successful design of private 
apartment dwellings depend on the overall building form and configuration that 
require less energy, and the relationship of the private dwelling to the overall 
circulation system that connects the dwelling and the resident to the world outside. 
The findings establish a basis for an architectural approach to MSABs in Brisbane. 
The most important implication of this research for practice is that a design-led 
integrated approach to delivering MSABs will play a valuable part of the sustainable 
subtropical city of the 21st century.  
 
Four major themes emerged from the findings of the research. The discussion on why 
these themes occur, their implications, and recommendations on what to do about 
them constitute the theoretical contribution of the thesis. The key themes, which will 
be detailed at length in subsequent sections, are as follows: 
1. MSAB design problems are solved with electricity rather than with an 
architectural approach; 
2. MSAB Stakeholders settle for adequate rather than optimal solutions;  
3. Technology-focussed strategies to lower emissions of MSAB do not 
address systemic problems of energy-centred design; and 
 Chapter 6: Key findings and discussion 169 
4. Urban form, sustainability and the ‘fit’ of MSABs in Brisbane require 
focus on subtropical values. 
 
The first three themes have become normal practice, unquestioned and accepted. The 
fourth has been acknowledged in certain policy areas of State and Local government 
but has not been embraced in a meaningful way. The following sections will explain 
the dynamics of how the factors that impact residents of MSABs are related through 
these themes. I will make recommendations that housing industry professionals 
involved in apartment development – from developers to planners and architects – 
can adopt to improve the design quality of dwellings in apartment buildings. These 
are aimed at ameliorating the negative aspects and augmenting the positive aspects of 
apartments (such as the advantages of private but collective living) by improving the 
“fit” between people and their environment in subtropical urban settlements in the 
context of sustainable development.  The evidence-based theory is derived from a 
transdisciplinary investigation and is this research’s significant contribution to 
knowledge in the architecture discipline.  
 
8.2 KEY THEME 1: DESIGN PROBLEMS SOLVED WITH ELECTRICITY 
RATHER THAN WITH ARCHITECTURE 
 
A history of technological change has influenced daily living alongside 
improvements in living standards and changing societal expectations. For example, 
as far back as 1922, Polk described the increasing necessity for flats to be wired for 
power as more electrical household appliances became available and residents sought 
to acquire and use them in their dwellings. More contemporarily, Shove (2003) has 
pointed out how our adoption of technology merges almost unnoticed with the rituals 
of daily life to become normal practice as does our consumption of energy services 
associated with such technology.  
 
The Australian standard of living is one of the highest in the world, but tends to 
follow international trends in terms of apartment building design and what is thought 
to be desirable. With the progressive introduction of technology to aid the facilities 
and services within tall, multiple-household buildings, the functionality of most 
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apartment buildings is now intrinsically linked to the uninterrupted supply of 
electricity (Oldfield, Trabucco, and Wood 2009). Vertical movement is aided by lifts; 
water supply and waste management rely on hydraulics and electric pumps; and the 
removal of odours and humidity are dealt with by mechanical exhaust systems. 
Chapters 6 and 7 revealed the trend for functions that, in the Queensland context, 
have only recently begun to require a continuous energy supply. Among them are 
building security, such as closed-circuit television (CCTV), intercoms, iris and 
fingerprint recognition, and keyless locking; the artificial lighting and air-
conditioning of communal circulation spaces, such as foyers, lift lobbies, corridors 
and stairwells; and air-conditioning of individual dwellings. These have become 
standard features of MSABs.  
 
This research has exposed that apartment buildings in Brisbane are progressively 
becoming more energy-dependent by design. As a result of floor layouts dictated by 
the drive to maximise saleable space, individual dwellings increasingly have less 
access to natural light and natural ventilation, and residents are obliged to rely on 
artificial light and air-conditioning to maintain internal environment quality (IEQ). 
Thus, the problems of designing MSABs are being solved by using electrically 
dependent technology rather than fundamental architectural principles that use 
appropriate form and materials.  
 
This fact has implications for everyday living, not just during out-of-the-ordinary 
occurrences caused by power failure. Energy-dependence will increasingly play a 
major part in negatively influencing key socio-environmental factors that are 
important to residents. The energy-dependence of apartment buildings in the 
subtropical city context represents a mismatch between building performance and 
resident-identified liveability expectations: outdoor living, natural ventilation, indoor 
air quality, acoustic comfort and aural privacy, energy conservation and cost-
effectiveness.  
 
Fundamentally, MSABs are intensive in embodied energy and in operational energy 
for essential services (such as lifts, mechanical exhaust, and booster pumps). But 
increasingly, energy to run non-essential common services and equipment (lighting 
for corridors and stairwells, foyer lighting and air-conditioning, car-park lighting, 
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external lighting, keyless locking systems and multiple entry points, communications, 
swimming pools and spas, gymnasiums, outdoor television screens and monitors) is 
outstripping energy consumption by essential services, and, as a share of residents’ 
overall energy consumption, can be more than half as much as private usage (Pearsall 
2010). Non-essential systems represent a significant and avoidable source of GHG 
emissions and a significant imposition on the cost of occupation in the multi-storey 
apartment market segment. It is also concerning that the cost of constructing and 
installing these systems imposes a cost premium on purchasers at the outset, and 
throughout the life of the building, as these expensive capital items must be 
maintained. 
 
The theoretical sample of apartment buildings analysed in the West End Case Study 
demonstrated that the loss of these non-essential services in the event of power 
failure can render buildings and private dwellings inaccessible, unsecure, unsafe, and 
uninhabitable (Chapter 6). As a result, there is a subtle mind-shift among all 
stakeholders toward the notion that these non-essential services are actually essential. 
In fact, these services are made essential by a design approach that relies on their 
existence and functional operation. Chapter 7 showed how the failure of both 
essential and non-essential services critically affected residents’ experiences of 
liveability and resilience, as well as their physical safety and psychological well-
being. Problems were intensified through a technology-heavy approach to solving 
design problems.  
 
Figure 8.1 Multi-residential apartment building site plan (Drawn by Sze Nga Teresa Liu) 
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The shaded areas in Figure 8.1 indicate the common lift lobbies and stair cores, each 
servicing six dwellings per floor, in a six-storey building in the West End Case Study 
sample. Being completely internalised, these areas (though kept to the absolute 
minimum floor area) require continuous lighting and air-conditioning, and are 
dysfunctional without mains power supply. In the event of power failure, residents 
are obliged to negotiate unlit, unventilated corridors and stairwells for access and 
egress. Apart from the inconvenience, conditions like these were perceived by 
residents as a personal security risk during the prolonged power outage described in 
Chapters 6 and 7. Exit doors propped open to admit light or air not only presented 
unpredictable security situations where residents might encounter non-resident 
strangers, but also ran counter to fire safety design regulations, thus putting residents 
at further risk. An adjustment to the layout that would extend the shared lobby at 
least to the external wall and a window could have alleviated the lighting problems 
(and ventilation) on an everyday basis, but would have decreased space in some 
individual units and marginally increased non-saleable floor area with a potential 
decrease in cost-effectiveness for the developer at the project construction stage. 
Instead, increased running costs, and dysfunctional design during extraordinary 
power outages are inherited by the occupants for the life of the building. 
 
The influence of technologies on our daily lives has benefits and drawbacks. For 
example, keyless locking systems are designed to preserve security and reduce the 
risk of intrusion by non-residents and criminals. Paradoxically, keyless electronic 
security measures may effectively contribute to a “gated community” mentality and 
may create conditions for socially deviant behaviour (Troy 1996). Security systems 
exclud residents and visitors from all but the shared areas of the floor level that 
provides access to their dwelling. This management overlay provides further 
conditions for anonymity and withdrawal in a building type where privacy is 
important but a sense of community is also important to preserve harmony and 
cohesion (Randolph 2006). In Vancouver’s False Creek North master-planned high-
density high-rise community, though residents appreciated the convenience of 
electronic locking, they regretted that controlled access inhibited floor-to-floor 
neighbourliness (Hofer 2008).  
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On a practical level, the loss of operability of an electronic security system has many 
ramifications. Figure 8.1 above indicates three entry points to a complex, including 
the main pedestrian entry with intercom and CCTV, electrically powered automatic 
or remote-controlled roller shutters to basement parking garages, and a locked 
pedestrian gate to the garden. During the lengthy rehabilitation period after the 
January 2011 flood, none of the entrances could be visually monitored when 
intercom or CCTV systems were not functioning, and basements and pedestrian 
entrances were effectively unsecured when left unlocked so that residents could enter 
and depart as needed. The residents of at least one building complex that normally 
had a sophisticated keyless locking system instigated a curfew, and entrances were 
locked with chains and padlocks after the curfew each evening. Socially, residents 
felt the loss of individual autonomy and flexibility in coming and going, and with 
receiving visitors. Visitors could only alert residents of their arrival by using their 
mobile phones, and residents were obliged to carry flashlights (day and night) to 
negotiate unlit corridors and stairwells in order to manually open the main entrance 
door for them. The social, physical and psychological impacts of one electricity-
reliant technology on residents were exacerbated by the physical design of the 
complex, which, on a day-to day basis, has many attractive attributes, but is a product 
of a complex interaction between regulations, developers’ expectations and socio-
technological trends. One such trend is re-assigning stairways to the specific role of 
emergency exit rather than as a viable means of moving through a multi-storey 
building on a more normal basis (this phenomenon is discussed further in 8.3.2). 
 
One reason for the inexorable shift toward energy-dependency is that the apartment 
building is conceived as a system for organising dwelling “services” rather than as a 
community of homes. Design problems are solved by superimposing mechanical and 
electrical control systems over structural control systems that are inadequate to meet 
people’s socio-environmental needs for thermal comfort, access to daylighting, 
freedom from noise annoyance and air pollution, as confirmed by Chapter 4 (Paper1). 
Building form responds to other drivers (see Key Theme 2), and technological 
systems mask the inherent shortcomings of the base structure. As a method of 
attenuating climate conditions between indoors and outdoors, mechanical and 
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electrical means compensate for inadequate structural means (Koenigsberger et al. 
1973). 
  
8.2.1 Reasons for solving design problems with electricity 
• Environmental drivers of building form (light and ventilation to individual 
dwellings) versus economic drivers wall-to-floor (WTF) area and net-to-gross 
saleable floor area;  
• Energy efficiency provisions presume that buildings will be (efficiently) air-
conditioned.  
 
Environmental drivers versus economic drivers 
In Brisbane, the natural conditions of the mild subtropical climate fall within the 
“comfort zone” (Ballinger, Prasad, and Rudder 1992) 80% of the year, and 
continuous air-conditioning is rarely desired by residents as a function of dwellings. 
Chapter 4 described residents’ strong awareness of the link between climate-
responsive design for thermal comfort, energy conservation, and the cost of living. 
As one interviewee explained:  
 
I open the back door and let the breeze go through. That’s just the simplest form of 
conserving energy. Most people would go and turn the air-conditioner on. Well, 
there are times in the year where I have to do that but, you do simple things with 
what you’ve got to reduce the amount of energy you take to live there and you can 
live more cheaply and very, very comfortably.#16 
 
Design features that enhance thermal comfort, including indoor air quality, 
temperature and humidity, were very important to all participants, with 83% 
nominating that they were most likely to open the windows and doors when thinking 
about “climate control” in summer. While 78% of survey respondents reported 
having some kind of air-conditioning unit, only 30% of dwellings were equipped 
with ceiling fans. (22% had ceiling fans but no air-conditioning). 
 
Until the introduction of air-conditioning technology, buildings that were “shallow” 
in plan and cross-section were common, and daylight and ventilation were the main 
 Chapter 6: Key findings and discussion 175 
drivers of three-dimensional form. In the theoretical sample of Brisbane apartment 
buildings, aged one to 50 years old (West End Case Study), older buildings presented 
apartment dwellings with a higher ratio of external wall area to internal floor area. 
This attribute was observed in the data collected but not documented specifically in 
Chapters 6 or 7. It is posited that the greater external façade area of the older 
buildings provided both thermal mass and opportunities for strategic openings, 
balancing daylighting and cross-ventilation appropriate for warm climates in 
accordance with recommended climate-responsive design strategies (Ratti, Baker, 
and Steemers 2005).  
 
Coinciding with the uptake of air-conditioning technology in Brisbane buildings, 
apartment dwellings in the sample displayed diminishing ratios between external wall 
area and internal floor area. WTF area is a critical measure of cost effectiveness in 
the value profile of a multi-storey building (Barton and Watts 2013). From a 
construction cost perspective, the lower the cost of enclosing a unit of floor area with 
external walls, the better. The metric is also an indicator of the spatial properties of 
dwellings: a high WTF ratio implies that dwellings have a greater extent of façade 
available to the interior spaces, while a low WTF ratio tends to indicate a “deeper” 
plan shape with less external façade available. In multi-storey buildings with several 
dwellings on each level, the lower the WTF ratio, the more the building form 
precludes passive forms of control over moderating the internal dwelling 
environment, and the more air-conditioning is needed. This issue was introduced in 
Chapter 6, which described the effect of smaller apartments and tensions between 
developer’s yield and building form as challenges in the quest for natural light and 
ventilation. The hypothetical designs generated during the Subtropical Tower 
Charrette project had some characteristics of low WTF areas (such as internalised 
bathrooms), but the designers countered the effect on daylight and cross-ventilation 
with dual aspect designs in habitable rooms. A limitation of this thesis is that a 
detailed comparison of WTF areas has not been presented in depth; however, this is 
an intended focus of future publications emanating from this research.  
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Energy Efficiency 
The objective of the Building Code of Australia (BCA) Energy Efficiency (EE) 
provisions is to reduce GHG emissions by reducing the operational energy use of 
buildings’ mechanical or electrical services (air-conditioning, mechanical ventilation, 
hot water supply, artificial lighting, vertical transport, and the like) without reducing 
occupants’ comfort and amenity, and by using energy from “low greenhouse emitting 
sources where possible” (ABCB 2010). The EE provisions only address heat flow 
through the building envelope (defined as the structure enclosing air-conditioned 
space of the building) to reduce the need for air-conditioning, and energy used by a 
building’s services to operate. The BCA does not address best practice, nor does it 
address embodied energy, or portable “plug-in” appliances used within a building, 
such as computers or refrigerators (ABCB 2010). The BCA EE provisions for Class 2 
buildings presume operational energy demand and seek to reduce this demand by 
requirements intended to eliminate poor design and construction practice (ABCB 
2010). Various software packages are employed to predict the energy rating of the 
building, but cannot predict the energy consumption practices of the occupants. 
 
Despite increasing regulatory efforts of energy efficiency in Australia (ABCB 2010), 
air-conditioning is now routinely installed in individual dwellings in apartment 
buildings, and often in common areas such as corridors (Pearsall 2010, Huxham 
2013a). Adding to the energy load, internalised bathrooms in dwellings, common 
circulation spaces, and basement carparks also require artificial lighting throughout 
the day (Huxham 2013a). Rather than focussing on solutions to avoid unnecessary 
lighting problems at the design stage, prior to construction and occupation, such that 
the greatest improvements in reducing energy demand can be achieved, industry 
solutions centre on a facilities management approach to “saving” energy and costs, 
such as switching to low-energy LED lighting post-occupation. 
 
8.2.2 Implications of solving problems with electricity 
• Increasing energy demand and GHG emissions; 
• Energy security and fuel poverty implications, due to more frequent power 
outages and the increasing costs of electricity; 
• Negative physical and psychological health effects. 
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Increasing energy demand and decreasing energy security  
The trend towards energy-dependent design makes it difficult for Brisbane apartment 
dwellers to embrace the subtropical climate’s postive attributes and avoid over air-
conditioning. Even though homes in apartment buildings may become more energy 
efficient, Australians are using increasing amounts of energy in the home for climate 
control. The extraordinary growth in energy demand in Australia has been attributed 
directly to the dual influence of increasing affluence and the plummeting prices of 
electrical appliances, especially air-conditioners (Simshauser, Nelson, and Doan 
2011). Domestic energy practices also may be status-enhancing or socially 
stigmatising (Hards 2013). A quick scan of Brisbane real estate agents’ 
advertisements imply that a dwelling must be air-conditioned or is at risk of being 
considered unliveable. While this is probably true due to poor design choices and 
changing attitudes to thermal comfort, it is also linked closely to status and societal 
affluence. At the same time that household energy demand is growing in the 
Queensland market, energy generated by burning fossil fuel is becoming increasingly 
expensive. Indeed, electricity prices in Queensland quadrupled between 2004 and 
2008 (Dalton, Lockington, and Baldock 2009). The average household electricity bill 
nearly doubled over the last decade (Engineers Australia 2010) and the cost of 
providing electricity (particularly to meet peak demand and community expectations 
for reliable electricity supply) is significantly adding pressure to energy affordability 
for Queensland communities. Residents’ costs of occupation of dwellings include the 
cost of energy, and, notwithstanding EE measures in construction codes that are 
meant to decrease energy demand, occupation costs are likely to continue to increase 
due to volatility in the price of energy and utilities (National Housing Supply Council 
2012).  
 
Power outages  
Adding to the challenge of the mounting demand for electricity is the relatively new 
phenomenon of electricity shortages that occur when demand exceeds supply. 
Chapters 6 and 7 described the physical and psychological hardships endured by 
MSAB residents as a result of power outage during a flood catastrophe, but the likely 
re-occurrence of similar power failures is higher than the frequency of a similar flood 
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event. A wide range of man-made and natural phenomena globally have resulted in 
blackouts and brownouts in recent years (Meier 2006), including safety concerns 
causing power plants to shut down; heat waves causing excessive demand; droughts 
causing inadequate water supply for operation of power plants; and hurricanes 
damaging transmission infrastructure. These power outages can last from a matter of 
hours to several days, or much longer. Table 8.1 describes a sample of the causes and 
duration of some incidents.  
Table 8.1  
Causes of Electricity Shortages. Source: Meier (2006). 
Country, year/s Immediate cause of shortage and duration 
Chicago, USA, 1995 Heat wave caused high electricity demand that overwhelmed 
transformers, lasting 2 weeks  
Southern Australia, 1998 Explosion at gas production facility limited gas supplies to power 
plants, lasting several weeks 
Brazil, 2001 Drought caused 20% decrease in supplies of water for 10 months 
reducing power supply 
Sweden, 2001 Anticipated cold wave combined with expected high demand on 
Monday, lasting 1 day 
California, USA, 2001 High number of plants were out of service, reduced imports, limited 
transmission capacity, lasting at least 9 months 
New Zealand, 2001 and 
2003 
Droughts, lasting several months 
Tokyo, 2003 Nuclear power plants shut down to address safety concerns, lasting 3 
months 
Presque Isle, USA, 2003 Flood damages the cooling system of a power plant, lasting several 
months 
Norway, 2003-2004 Drought caused by early and unusually cold winter, lasting 4 months 
Ontario, Canada, 2003 Delays in restarting nuclear power plants following USA/Canada 
blackout, lasting two weeks 
France, 2003 Heat wave and drought led to increased demand and reduced output 
because power plants could not obtain adequate cooling water 
Arizona, 2004 Fire at major transmission station cut capacity for 6 weeks 
 
In July 2012, the largest blackout in history occurred in India when the electricity 
grid collapsed twice in 48 hours in the middle of summer. Six hundred million Indian 
consumers had no access to electricity and essential services, including rail transport, 
and traffic signals failed (Reuters News Channel 2012). On a local level, short-term 
blackouts occur frequently due to storms and cyclones. The Intergovernmental Panel 
on Climate Change’s latest report (IPCC 2013) predicts that extreme weather events 
causing power outages are likely to increase in both frequency and intensity.  
 
Apartment buildings have become a complex set of building services that necessitate 
specialised technical skills and can only be managed with the help of professional 
 Chapter 6: Key findings and discussion 179 
consultants and technicians. Though most people spend most of their time indoors, 
few understand how buildings actually work (Janda 2011). King (2004) argues that 
most people want their dwelling to be the background to their lives and that people 
do not wish nor need to know how the dwelling and its amenities function, or how 
they are connected to other residents by such mundane artefacts as pipes and cables. 
This is a distraction from their main interests and ends. It is only when the ordinary 
use of the dwelling becomes impaired in some way that building design and services 
are viewed with heightened interest (King, 2004). The dwelling is not scrutinised by 
the resident in its everyday usage – any fault is only noticed if something out-of-the-
ordinary occurs to disrupt normal routine (King, 2004).  
 
For example, when Brisbane residents’ personal well-being was threatened by a 
regional shortage of potable water during a drought, they tended to notice how water-
intensive their lifestyles were. The previously unnoticed shortcomings of their own 
dwelling design and facilities were highlighted as they attempted to adjust both the 
physical structure of their dwelling (water metering) and their individual behaviour 
(water rationing and collecting grey water) to address the calamity (Buys and Miller 
2012). Similarly, when power outages occurred, the avoidable weaknesses of the 
material and formal design of the dwelling and its immediate surrounds (the 
corridors, stairways, landings and pathways) were exposed (Chapters 6 and 7). In 
such situations, residents saw not only the workings of their residential environment, 
but also how readily it could become unmade; how the safe became unsafe, and the 
secure became unsecure. King (2004) describes the sense of loss of personal control 
as the thing that people feel most when unexpected events occur, but such events 
make clear to residents how dependent a sense of being “in control” is on the 
physical make-up of the dwelling. 
 
In Tokyo, residential skyscrapers’ resilience to earthquake shocks and the ability to 
provide safe refuge in the case of widespread crisis (as experienced in Japan when an 
earthquake triggered the catastrophic tsunami event of 2011, which destroyed a 
nuclear power station) are reportedly greater selling points than spectacular views 
(Buerk 2011). While no skyscrapers were actually destroyed during the 2011 crisis, 
power outages and food and water shortages were extensive across the city. 
Subsequently, buildings that are equipped with safe refuges, generators and 
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emergency stores provide residents with security in the knowledge they can remain in 
situ until external disruptions return to normalcy. This example illustrates how the 
subjective response to the extraordinary calamity initiated a change in resident 
priorities and generated different market and design responses.  
 
Similarly, Buys and Miller (2012) described how residents expressed emphasis on 
issues of water and energy conservation and wanting accountability through 
individual water metering and enhanced efficiency, may have been prompted by a 
severe drought and the most stringent water restrictions ever experienced in Brisbane 
during the time that the survey was conducted. The calamity of the flood-induced 
power loss in Brisbane during 2011 brought the relationship between energy-
dependent building design and key socio-environmental attributes into stark relief for 
the residents of MSABs in the West End Case Study (Chapter 6). As a result, 
residents’ satisfaction was linked to new expectations (resilience). Thus, a crisis 
heightened residents’ awareness of the importance of conserving finite resources and 
changed their perceptions of important dwelling quality attributes. 
 
Social implications of costly energy-dependent design  
As more and more Australian households take up residence in multi-storey buildings 
that depend on energy for indoor climate control and other services, the implications 
are that, regardless of the building envelope’s level of energy efficiency, these 
residents will experience more and more social and economic disadvantage as energy 
costs increase, and as the incidence of mains electricity shortages increase. The 
impact of income is double-edged: the more affluent the household, the more likely 
the dwelling design will be of a better quality and the more likely that household 
energy expenditure on space heating and cooling (and plug-in appliances) will be 
greater (Newton and Meyer 2012). This raises questions of energy affordability and 
equity. In the face of climate change influences and rising energy costs, it is difficult 
to be confident that the household consumers in the rapidly growing apartment sector 
will continue to have the ability to access the energy that they need, particularly as 
dwellings age. More affluent residents who experience a discrepancy between their 
dwelling status and their needs and aspirations can alleviate the problem by moving 
to more satisfactory places (Adriaanse 2007) and thus the less-satisfactory building 
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attracts more socio-economically disadvantaged segments of the housing market. 
Housing quality and domestic energy practices are implicated in households’ energy 
security and potential fuel poverty (Hards 2013). The impact of energy price and the 
built environment seems set to produce conditions for fuel poverty and vulnerability 
(Hall 2013, Catney et al. 2013, Hards 2013, Hiteva 2013).  
 
Further significant social implications of the trend toward energy-dependent design 
affect resident health and well-being; the indoor environment quality of air-
conditioned dwellings decreases dramatically (Morawska 2009) and unrelieved 
artificial lighting and air in interior environments are associated with negative 
psychological influences (Baker and Steemers 2002, Tregenza and Wilson 2011). 
Significantly, these implications indicate that, even if air-conditioning was powered 
by clean energy (renewables), the negative influence on residents and “dwelling” 
would remain if a climate-responsive design approach was not adopted in the 
building form.  
 
8.2.3 What to do about solving problems with electricity 
• Reduce reliance on energy;  
• Respond with simpler buildings (that take care of the fundamentals of 
resident comfort, physical health and psychological health without an arcane 
technological overlay that needs complicated intervention when the everyday 
breaks down);  
• Combine the best practices of energy efficient specifications with climate-
responsive form;  
• Deliver more nuanced personal control to residents over their private dwelling 
environment. 
 
As more high-rise residential buildings are constructed, the implications are that 
more and more people will be living in energy-reliant buildings, and thus the trend of 
increasing energy demand in the residential sector will be bolstered, rather than 
reduced, at a time when societies globally are seeking to reduce GHG emissions from 
the current carbon-intensive paradigm. These trends have environmental, social, and 
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economic implications for residents of dwellings in multi-storey buildings and for the 
community as a whole (from the local neighbourhood to the international scale).  
 
In the subtropics, climate-responsive design expertise can be best employed to reduce 
households’ energy needs for cooling, heating and lighting (and to some extent, 
vertical movement between floors). Natural ventilation opportunities for multi-storey 
dwellings rely on building form as influenced by the planning and sectional 
strategies. Single-loaded designs are one approach, the (not insurmountable) 
shortcomings of which have been previously outlined. Chapter 5 describes three 
designs that adopt variations of this approach with varying degrees of success. Dual-
aspect apartments that encourage cross-ventilation are a feature in the NSW State 
Environment Planning Policy 65 (SEPP 65) (Wheeler 2013), and the two-storey 
maisonette apartment type that interlocks section and in plan in the variation, 
illustrated by Case 4 in Chapter 5, is becoming more common. Daylighting quality 
could be a problem if such apartments are long and narrow internally, and a relatively 
high glazing-to-floor area ratio could lead to a poorer performance in terms of 
predicted energy rating using Building Energy Rating Schemes; however, good 
orientation, opportunities for cross-ventilation, appropriate external shading and 
insulation to external walls are essential to ensure a high level of performance in 
terms of thermal comfort as well as maintaining residents’ important privacy, 
security and sociality needs.  
 
My research, using three integrated methods presented in Chapters 3 to 7, has added 
to the general body of knowledge about high-density liveability, while, specifically, it 
offers designers the opportunity to respond with simpler buildings that respond to the 
fundamentals of resident comfort, physical health and psychological health without 
an arcane technological overlay that needs complicated intervention when the 
“everyday” breaks down. The research offers the evidence basis to support 
architectural design that combines the best practices of energy-efficient specifications 
with climate-responsive form. Such design will reduce dependency on unreliable and 
expensive mains electricity, and will significantly deliver more nuanced personal 
control to residents over their private dwelling environment. For MSABs to gain 
credibility with the general public, policy-makers will need to work with the 
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development industry to overcome a deep-seated belief that implementing 
environmental initiatives are too costly and provide limited benefits.  
 
8.3 KEY THEME 2: “SATISFICING” – STAKEHOLDERS SETTLE FOR 
ADEQUATE RATHER THAN OPTIMAL SOLUTIONS 
The previous section argued that the ability of dwellings to meet residents’ 
objective physical needs of shelter, and important subjective needs, such as privacy, 
security and sociality, is partly reliant on the architecture of the building. Chapter 5 
alluded to the competing interests that influence the form and shape of multi-storey 
housing types. The actual dwelling is rarely the driver of MSAB design. In fact, the 
individual dwelling unit is almost the by-product of the process by which a complex 
set of regulatory, financial, physical and environmental factors that are of interest to 
regulators, financiers, developers, interdisciplinary design consultants, investors, and 
finally, the individual users of large multi-occupant buildings, are addressed in the 
procurement of an apartment building. The designs that emerged from the 
Subtropical Tower Charrette presented feasible examples where primary design 
decisions balanced objective knowledge of the regulatory, structural and financial 
constraints of multi-storey residential design and occupant preferences for naturally 
ventilated and day-lit dwellings. But the probability of a perfectly attenuated design 
(which also requires a suitable site) that meets all stakeholders’ interests and 
priorities, including means to pay, is very remote. Nevertheless, “standard” buildings 
should give form to an appropriate level of design quality to satisfy user 
requirements. This implies consensus among stakeholders about shared priorities and 
relationships between users’ needs (Gann, Salter, and Whyte 2003). 
Trade-offs are required as functional groups (broadly, developers, regulators, 
designers, and builders) with diverse priorities and requirements interact. However, 
my research points to the fact that these groups usually settle for the least passing 
standard for apartment buildings, rather than pursuing optimal results – which could 
be categorised as “satisficing” behaviour. This term, which various researchers have 
written on, combines the notions of “satisfying” and “sufficing”. It was originally 
coined by economist Herbert Simon in The Sciences of the Artificial (1957) to 
describe economic behaviour that adequately meets perceived needs without going to 
extremes (cited in Leaman and Bordass, 2001, p. 133). Simon’s concept of “bounded 
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rationality” argues that “people’s bounds on their knowledge and limits on their 
cognitive abilities prevent them from finding optimal solutions to problems they 
face” (Simon, 1957, cited in Mohamed, 2006, p. 29). In other words, people utilise 
simple decision rules and aspire to the first satisfactory solution that is presented 
rather than maximising results (Mohamed 2006). Satisficing, or the setting of 
suboptimal targets to which people aspire, has been widely identified in the work of 
residential developers (Mohamed 2006) who both satisfice and utilise satisficing for 
their own ends. In the design process, decisions that satisfice make for acceptable 
(just adequate) rather than best possible results (Gann, Salter, and Whyte 2003). The 
concept can also apply to building users. Leaman and Bordass (2001) found that the 
occupants of office buildings may be prepared to satisfice or tolerate some 
discomfort, as long as they feel they have direct means of personal physical control 
over conditions, such as having the choice to open windows rather than be at the 
mercy of automated building control systems in a sealed environment (Leaman and 
Bordass 2001). Thus, it appears that the phenomenon of satisficing by various parties 
influences quality outcomes in apartment buildings in several interrelated ways.  
8.3.1 Reasons why satisficing occurs in MSAB developments 
• Developers both satisfice and utilise satisficing for their own ends by: 
o Focusing on up-front costs rather than ongoing operation and maintenance 
costs; 
o Meeting regulatory issues with “deemed to satisfy” solutions. 
• Designers satisfice because: 
o Their professional role is marginalised in the procurement process and 
only partial service is delivered;  
o There is a lack of evidence (post-occupancy evaluations) on which to base 
design performance improvements. 
• Occupants satisfice by:  
o Tolerating deficiency in return for other gains, such as location 
o Seeking familiar outcomes that reflect preconceptions and reject 
innovation.  
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Developer interests  
Mohamed (2006) describes various researchers’ contributions to the discussion of 
developer interests, this group’s tendency to satisfice, and the impacts on design 
outcomes. This characteristic in developers has been attributed to a combination of 
bounded rationality, deep-rooted, industry-wide practices and a focus on individual 
project profit margins (Mohamed 2006). Mohamed argues that developers’ decision-
making potential is limited by time, information and cognitive ability.  
 
MSAB developers tend to focus on the availability of spectacular views and 
fashionable finishes to take advantage of their target market’s satisficing aspirations 
for a housing solution that appears to offer an attractive lifestyle (Chapter 5). Three 
regulatory areas where developers are likely to utilise satisficing in instructing their 
design consultants are in the provision of private and shared open space, in the 
provision of circulation space to comply with access and egress requirements, and in 
the area of enhancing occupants’ subjective ability to improve and control liveability 
and energy performance of their private dwelling. These examples will be explained 
in more detail in the following discussion. 
Regulatory compliance 
Whether planning or building codes, regulations use performance outcomes to 
impose certain constraints, and are often designed to prevent harmful outcomes rather 
than to prevent or encourage best practice design. Performance-based regulations are 
often accompanied by “acceptable solutions” or “deemed to satisfy” (DTS) solutions. 
In the National Construction Code, BCA Volume 1, DTS solutions comply with 
performance requirements that must be attained to achieve regulatory approval. 
Crucially, however, DTS solutions are not compulsory – only performance 
provisions are mandatory in the BCA (ABCB 2013). A design solution in a building 
can be a DTS solution, or an alternative solution that complies with the performance 
provisions, or a combination of both.  
 
Generally, DTS solutions are based on tested solutions with a good safety history, but 
are usually conservative and rarely result in high-quality design outcomes. For 
example, when DTS solutions to the performance requirements of regulations 
governing safe emergency egress for Class 2 buildings (Section D, BCA, Volume 1, 
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ABCB, 2013a) are applied, stairways are routinely fully enclosed and residents are 
discouraged to use them for any reason other than fire evacuation. This approach 
neglects the other part of Section D of the BCA, which is about “access”, and 
imposes certain behaviour on residents (increased lift usage, no access between 
floors) and an energy burden (lift usage, lighting and ventilation in stairwells and so 
on). It also presents a resilience problem of the kind described in the previous key 
theme. The tendency for various stakeholders to satisfice during the design process 
results in solutions that comply with various regulatory requirements, but often to the 
detriment of spatial quality, resulting in banal layouts, perfunctory cross-sectional 
design and prosaic building elevations. 
 
Developers may satisfice in order to gain regulatory compliance via the path of least 
resistance. Regulatory issues per se are not the problem (and indeed, planning 
jurisdictions are enthusiastic to remove as many barriers as possible in the approval 
process). However, by satisficing, the developer and designer forego the potential 
benefits of other innovative design solutions. Further, DTS solutions are not 
necessarily the most cost-effective way of achieving the desired outcome. It is 
important to recognise the satisficing phenomenon if we as a society are to overcome 
entrenched impediments to more sustainable practice in the development, design and 
occupation of MSABs, where barriers to positive change are literally built in to the 
fabric of the residential environment. 
 
Designers’ role 
Friedman (2003) defines “design” as a goal-oriented process aimed at solving 
problems, meeting needs, improving situations or creating something new or useful. 
Designers use both subjective (intuitive) and objective analysis to investigate ways to 
give spatial form to human activity by modulating the environmental conditions of a 
locality where a building is sited (Sutton and Kemp 2006). When designing multi-
storey buildings for residential purposes, architects typically deal with 
accommodating a large number of interests and contradictory requirements. Chapter 
5 discusses the design relationship between various requirements and the points of 
intensity that emerge in habitable apartment design; for example, the issues that 
might affect the quest for natural light and ventilation. Objective knowledge is 
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required to solve an array of problems simultaneously, but creative intuition is also 
required to provide practical solutions that respond to the human aesthetic and 
emotional needs of a user group (residents) with whom the architect generally has no 
direct contact during the design process.  
 
Designers also often seek to innovate to improve on standard solutions that they 
perceive to be lacking in some way (Dorst and Cross 2001). They may attempt to 
overrule pre-determined design parameters, such as those viewed by developers as 
“standard” or by residents as “acceptable”, with innovative design solutions which 
deliver equally good or better environmental performance (Goncalves 2010). The 
Subtropical Tower Charrette illustrated that professional designers do not lack either 
a comprehensive understanding of the links between subjective and objective 
qualities of residential satisfaction or a willingness to revise some accepted principles 
in MSAB design. However, there is some evidence that designers are marginalised in 
the construction project procurement process (Kennedy et al. 2004, Sidwell and 
Kennedy 2004) where their role is diminished to preparing outline designs for 
planning applications, rather than formulating detailed design in a rigorous process of 
design proposal testing and development. Thus, designers may apply the 
phenomenon of satisficing to their professional input in accordance with their 
diminished role (and remuneration) in the design process. More seriously, some 
designers may never realise that they have actually failed to meet end users’ needs 
(residents) because their involvement with projects often finishes before the failure 
becomes apparent (Friedman 2003). Architects are rarely commissioned to conduct 
post-occupancy evaluations (POE) on behalf of the developer/client of an MSAB, 
and are unlikely to commit the resources to conduct POEs for their own research and 
professional development purposes.  
 
Residents’ perspectives 
Residents’ subjective and spatial knowledge is based on personal experiences of their 
everyday environment, which is thus highly relevant to designers (Sutton and Kemp 
2006). They may seek familiar outcomes and adopt technical solutions that reflect 
their own preconceptions of what is acceptable in high-density multi-storey living 
(for example, fashionable trends in interior finishes, and systems such as keyless 
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locking and air-conditioning) and reject other innovations architects may propose in 
designs for such dwellings (Sutton and Kemp 2006). Suboptimal targets for residents 
may be the supremacy of a “view” or certain interior finishes, which may cause them 
to overlook issues of privacy, orientation, or climatic design when they are selecting 
a residence.  
 
Standardised design, very little variation in spatial layout or diversity, and lack of 
adaptability abound in the high-density apartment market. Do occupants make trade-
offs for the sake of proximity to inner-urban jobs, services, public assets and 
attractions? Or do they simply satisfice and shoe-horn their individual lifestyle to the 
housing that is supplied even if it is lacking in important liveability attributes? Is it a 
case of supply shaping demand or is standardised generic design a market response to 
demand? 
8.3.2 Implications of satisficing 
• Physical form and fabric of MSAB lacks performance and limits residents’ 
choice/control over private dwelling: 
o Private open space is called on to perform multiple contradictory 
functions – but if poorly designed, cannot perform any well; 
o Circulation space complies with regulatory requirements but other 
attributes are not promoted. 
• Promotes energy-intensive generic solutions through split-incentive.  
 
Physical form limits occupant control 
Private access to open space  
Private access to open space and the extent to which private open space is revealed to 
public view are unique aspects of MSABs. Residents described in Chapter 4 
expressed a strong desire to utilise their balconies for a wide variety of home-based 
activities, such as entertaining, cooking and dining, and gardening. Residents also use 
their private outdoor areas, usually a balcony, for hobbies and everyday activities, 
such as reading, relaxing, studying, smoking, keeping pets, exercising or just sitting. 
Chapter 4 confirms that the attributes provided by the outdoor private space are 
viewed by these MSAB residents as important alternative spaces that provide 
flexibility and a feeling of spaciousness with spatial and environmental qualities 
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distinct from the indoor living environment. Importantly, a private balcony or other 
private exterior space allows the resident a balance of privacy and territorial control 
to move to an outdoor space without leaving the residence, and without necessitating 
social contact (Easthope and Judd 2010).  
 
The lack of quality in private open space design observed by residents in Chapter 4 
may be a direct result of various parties satisficing in the project-development 
process. Private open spaces connected with dwellings in MSABs are required to 
perform contradictory functions. In the MSAB, the balcony plays a similar role to the 
(front) verandah, but is also expected to provide the private utility role of the 
backyard and private open space simultaneously. What might be considered the 
setting for “backyard” activities in other housing types – for example, detached 
housing and townhouses – is completely externalised in the MSAB, with the location 
of the private outdoor living space being inverted from the private “back” to the 
public “front” of the building on the very edge of the surrounding public space.  
 
Planners’ and urban designers’ views are that street-facing dwellings and balconies 
play a prominent role in promulgating liveable high-density neighbourhoods through 
casual surveillance of adjoining public open spaces. The Multiple Dwelling Code of 
the BCC’s planning scheme encourages the primary balcony or private open space to 
overlook the road or rear boundary (Brisbane City Council 2014b). Not only is the 
balcony an individual’s access to private open space for utility purposes, but private 
space should also provide casual surveillance by overlooking pedestrian traffic and 
streets, which, in many cases, means overlooking vehicular traffic. This is contrary to 
Kearney’s (2006) notion that views to traffic and noise disturbance should be 
minimised with setbacks and buffers to reduce negative feelings about density.  
 
Problems of perceived unsightliness by others, or lack of utility for users, and lack of 
privacy for residents may be exacerbated by a high degree of transparent glazing 
applied to balcony balustrades. Transparent balustrades and facades are a dominant 
trend in contemporary apartment building design. While better design solutions that 
achieve visual and aural privacy, acoustic shielding from traffic noise, spaciousness, 
multi-purpose functionality, casual surveillance, and views are achievable (see 
Chapter 5), they are a low priority to developers who wish to satisfice by presenting 
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expansive views as the most desirable factor for residents. By uniformly selecting or 
specifying glazing as balustrade material for balconies, the developer (and designer) 
satisfice with a balustrade solution that has a high impact at point of sale but that 
meets few other liveability attributes desired by residents. 
 
Regulators have introduced yet another role for private outdoor balcony space that 
stakeholders may exploit through satisficing. The National Construction Code 
requires new multi-unit buildings to meet a 5-star energy rating, and, under a 
Queensland amendment, balconies can attract certain star ratings credits if they meet 
certain criteria. Balconies that are fully covered, at least 12 m2 in area, at least 2.5 m 
deep, and are directly connected to indoor living, dining or kitchen rooms can attract 
a half-star credit. If the balcony is also fitted with at least one ceiling fan that has a 
speed controller and a blade rotation diameter of at least 900 mm, a total 1-star 
energy credit is available (Queensland Department of Housing and Public Works 
2013). The policy says nothing about the ability of the space to provide an alternative 
non-air-conditioned living space, yet draws on the region’s outdoor living heritage to 
justify creating dwellings with a smaller internal “footprint” (less fully enclosed 
indoor areas) because dwellings have more outdoor living and utility areas. However, 
the strategy of linking outdoor living to lower energy consumption should be 
approached cautiously, as it could lead to contradictory practices; as Henning (cited 
in Chappells (2010) found, some people adopt other energy-based technologies like 
outdoor heaters on cool mornings and evenings. Ironically, Henning’s research was 
conducted in Sweden where the climate is far more extreme than the equable 
subtropics where people do the same thing. With so many expectations placed on the 
private outdoor space of dwellings in MSABs, it is hardly surprising that some 
aspects fail to satisfy residents.  
 
Lack of choice in vertical circulation needs 
In multi-residential design, stairways have long been an important form of 
overcoming differences in height, complementary to elevators (Ebner et al. 2010). 
Stairways are also the principal form of emergency egress. The main objective of 
Section D, “Access and Egress”, of the BCA Volume 1 is to provide people with “as 
far as is reasonable, safe, equitable and dignified access to the building and the 
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services and facilities within a building; and to safeguard occupants from illness or 
injury while evacuating in an emergency” (ABCB 2013). Over the past four decades, 
very little has changed in the regulations regarding performance requirements for fire 
exit design. Yet, MSAB developments are increasingly meeting both regulations and 
the function of vertical movement in the most space-efficient way, with the least 
possible non-saleable floor area devoted to circulation spaces. In the generic MSAB, 
structural design, air-conditioning and cost-effectiveness seem to have reached some 
kind of optimal relationship where the most cost-efficient solution available to 
developers is one where the fire stairs are co-located with a central concrete lift core 
(Barton and Watts 2013), thus internalising shared circulation foyers and corridors, 
and necessitating air-conditioning for dwellings. However, this solution might also be 
regarded as a satisficing method of regulatory compliance that creates unpleasant 
spaces that require artificial lighting and ventilation. Stairways designed like this 
have served well for providing escape routes during emergencies caused by fire but 
are uninviting for residents’ incidental use on an everyday basis. Increasingly, exits 
are being made inaccessible to residents (Nicoll and Zimring, 2009) and are 
deliberately not intended for any use other than emergency evacuation.  
 
Chapters 6 and 7 documented a range of physical and social problems stemming 
from the design of circulation areas experienced before, during and, in some cases, 
following the January 2011 flood disaster. For example, with lifts immobilised, 
residents of some buildings were obliged to use dark, unventilated corridors and 
stairways. The stairways were adequately designed to meet the regulatory 
requirements for emergency exits, but did not support residents in evacuating in the 
face of the slow-moving crisis of rising flood waters. Dark and airless stairwells 
became congested because people were evacuating with household items, while 
others attempted to move large items from basement storage or from units on lower 
levels to the safety of higher levels. Interviewees in the West End Case Study 
indicated that some elderly residents felt unable to negotiate multiple flights of stairs 
or elected not to evacuate at all to avoid hindering other residents in the narrow 
darkened stairwells. 
 
 192 Chapter 8: Key findings and discussion 
The BCA performance provisions governing design for emergency egress do not 
specify preventing natural light or ventilation in stairways, and the requisite exits 
may be achieved by strategies other than fire-isolated fire-resistant passageways and 
stairs. Chapter 7 also revealed that most of the buildings badly affected by flood 
inundation and ongoing disrupted power supply were not effectively taller than 25 m. 
Under certain conditions, external stairways are permissible in lieu of fire-isolated 
exits for this scale of building. Interestingly, this height metric also meant that the 
buildings required only a single lift, and not a second emergency lift (ABCB 2013). 
A second lift would have put upward pressure on development costs and increased 
the collective non-saleable floor area, but may have made a big difference to 
residents during the calamity.8  
 
Split incentive for resource conservation 
The Smart and Sustainable Homes Design Objectives (Queensland Department of 
Public Works 2008) asserts that an economically sustainable dwelling is cost-
efficient over its life span. To gain a clearer picture of affordability, up-front and 
construction costs must be balanced against ongoing running costs, living costs, long-
term maintenance costs and the likely costs of future modifications. In practice, the 
concept of paying potentially higher initial capital costs to reduce future running 
costs is not a high priority for developers. For unit purchasers, higher costs are also 
difficult to embrace, particularly for the lowest income brackets, or first-home buyers 
with restricted budgets and high mortgage repayments. Developers comply with the 
regulatory provisions of the BCA for EE requirements and pass their development 
costs on to investors to the extent that these are met. However, as has been discussed 
in 8.2.1, being energy efficient does not necessarily equate to liveability, and can be 
achieved with spatially deficient plans and sections and underperforming facades.  
 
                                                 
 
8 Meanwhile, in terms of space and energy requirements, lifts are the major service in the MSAB, but 
the energy required to operate lifts increases quite dramatically once a building is taller than 15 
storeys (by a factor of three). According to the Technical Manual Green Star Multi-Unit Residential, 
Version 1 (GBCA 2009, Table 21), lifts in buildings taller than 25 storeys consume six times more 
energy than lifts in a 15-storey building. Based on this fact alone, it is hard to see how tall apartment 
buildings can reduce their energy footprint. 
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Being energy efficient, cost effective or safe in the case of fire are not excuses for 
undesirably small-sized apartments that meet few other long-term resident housing 
needs. Over half of the HDL survey respondents believed it was very important to 
conserve water and energy (Buys and Miller 2012) and expressed their dissatisfaction 
with the lack of opportunity to harvest rainwater, recycle grey water or to recycle 
waste, and with having to use clothes driers rather than clothes lines for drying 
laundry. Residents worked within the design constraints of their dwellings but 
believed that their ability to reduce their ecological footprint was curtailed by design. 
The lack of congruity between the capital cost of development and ongoing costs of 
occupation and maintenance of MSABs means that a less-than-optimum housing 
product is constructed, with a negative impact on quality of life, and on generally 
held perceptions of the lack of quality surrounding MSABs.  
 
8.3.3 What to do about satisficing 
• Systematically and rigorously conduct Post Occupancy Evaluations (POEs) to 
provide: 
o Liveability assurance for residents; 
o A marketing tool for developers; 
o Feedback and evidence for designers; 
o A way to monitor the success of policies for planners. 
• Reward designers for what they save, not what they spend. 
 
A typical MSAB is procured by a group of individuals representing different 
functional groups. One’s dwelling and home are very personal, but the development 
of multi-residential projects is generally a speculative business proposition by a 
property developer. The architect’s role in the procurement process is to develop a 
conceptual design that meets the developer’s objectives while simultaneously 
addressing regulatory requirements. The “art” of architecture (its intuitive part) is 
central to the profession (Cuff 1991) and guides design decisions beyond the 
designer’s objective knowledge of structures, economics and building physics (Zeisel 
2006a). In the case of most multi-residential projects, the architect is usually at arm’s 
length (or even further) from the user, and they design for the generic needs of the 
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future occupants as they see them (through the lens of accepted cultural values of the 
day, and through regulatory compliance).  
 
On face value, it would seem that stakeholders’ priorities should converge around the 
provision of residential environments that occupants perceive as attractive places to 
live, and that meet societal economic, social and environmental objectives. 
Developers seek a good return on their investment; designers aim for a functional 
design that reflects their philosophies; and planners want good quality buildings that 
frame and enhance attractive public spaces. Inconsistencies and imbalances in the 
process of developing apartment buildings through satisficing do not maximise value 
for any of these groups or for residents. A comprehensive understanding of complex 
factors is needed for the application of context-driven, resident-centred planning and 
design principles, including a flexible approach to shaping design solutions that does 
not accept the default position of “deemed to satisfy” as best practice for compliance. 
 
Changing an entrenched culture of satisficing in the development and construction 
industry is a major challenge, with few successful examples to point to. However, 
one action that could help to deliver better value for all stakeholders would be 
adopting diagnostics as an indispensable part of the process. POEs of apartment 
buildings would provide a constant feedback loop to developers, designers, planners, 
and occupants, and ensure that value for money is achieved. Developers can use 
evidence gathered in the POE process for continual improvement and as a powerful 
marketing tool that shows their product possesses attributes that support liveability 
for end-users and improved quality of life. Similarly, designers can use POEs to 
enhance their knowledge of liveable, sustainable MSAB design and market their 
skills. Planners can use the results of POEs to monitor the success of policies.  
Future research could also look at the connection between contractual relationships 
and design quality. Architects’ and engineers’ professional fees are frequently based 
directly or indirectly on a percentage of the building construction cost and are not 
linked to long-term operational performance. Climate-responsive design may add 
more cost in terms of better quality material and construction detail specifications, 
but will theoretically eliminate costly, inefficient capital equipment and save energy 
and running costs (an aspect that was not specifically researched in preparation of 
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this thesis). How much less energy-dependent can buildings become if their designers 
are rewarded for what they save (in terms of construction cost, cost of living, cost of 
maintenance), rather than what they spend (construction budget)? An alternative 
contractual relationship between developer and architect might involve negotiated 
fees that guarantee designers a reasonable profit, after overheads, with direct costs 
reimbursed, and performance rewarded with a bonus related to a composite metric. 
Implementing POEs will be important incentive to ensure that whole-of-life decisions 
made in the design phase are not neutralised by short-term issues that may arise 
during the construction phase (Sidwell and Kennedy 2004).  
 
8.4 KEY THEME 3: TECHNOLOGY-FOCUSSED STRATEGIES TO 
LOWER GHG EMISSIONS OF APARTMENT HOUSING ARE NOT 
THE (ONLY) ANSWER 
 
Troy, Holloway, Pullen and Bunker (2003) suggest that higher-density 
residential buildings should generate their own energy. Chapter 7 points out that in 
addition to reducing energy demand through design, alternative energy sources 
should be sought to balance energy supply fluctuations. However, as seen in 8.2.1, 
appying renewable energy to apartment housing does not automatically address 
systemic problems of energy-centred design. Furthermore, there are some critical 
reasons behind the lack of renewable energy technologies (RETs) being adopted in 
MSABs:  
• High density of demand within an MSAB; 
• Scarcity of suitable available space within an MSAB; 
• Variable and intermittent outputs; 
• Fluctuating demands (residents’ consumption behaviour and technical 
innovation); 
• Grid connected or stored options; 
• Storage problems;  
• Fair allocation of benefits and costs. 
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8.4.1 Implications of applying renewable energy technologies to apartment 
buildings 
Turning to solar energy, photovoltaic (PV) cells are a unique emissions-free 
electricity-generation technology with several positive attributes for management. PV 
cells require no consumable fuel, have few if any moving parts, have relatively low 
operating and maintenance costs, are highly modular, and are scalable from garden 
lights to megawatt-scale solar farms (Ponoum, Rutberg, and Bouza 2013). However, 
it is difficult to find enough space and suitable locations to install alternative energy 
supply such as PV cells in high-rise buildings (Hui 2001), particularly in densely 
built up areas. First, the surface area available for installation of PV arrays is unlikely 
to match the energy demand from users within the building. A further challenge to 
roof-mounted equipment is competition for available space for collection and storage 
of renewable energy. The growing trend for shared or private open space to be 
located on roof-tops to take advantage of the view and solar access (though these 
uses are not incompatible with PVs cells) may mean that roof-space is valued less for 
alternative energy systems.  
 
Second, optimum energy outputs diminish in dense cities when roof-tops and other 
surfaces where PV cells could be mounted are overshadowed by other buildings.  
Third, output from RETs such as PV cells and wind energy is inherently variable and 
intermittent (Ponoum, Rutberg, and Bouza 2013), depending on the vagaries of 
weather. It needs to be either stored or grid-connected in order to satisfactorily meet 
the fluctuating usage demands of buildings’ occupants, which frequently do not 
coincide with peak energy generation times. As Craighead (2009) observes:  
At any one time of the day, the number of residents in an apartment building may 
vary according to the factors such as their work status and age group. For example, 
if a high proportion of the residents are young or middle-aged business 
professionals, there will probably be a low concentration of residents (at home) 
during normal business hours (Monday to Friday); if a large number of residents 
are elderly retired people, there will likely be a high concentration of residents 
present during normal business hours. After hours, particularly late at night, most 
of the residents will likely be in the building… (p. 552)  
More residents are also at home on weekends and energy demands fluctuate 
accordingly depending on the season. 
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Fourth, two of the greatest determinants of actual energy consumed by residents of a 
multi-residential building are their behaviour and lifestyle, and the size and efficiency 
of their household appliances. Technological innovation is constantly reinventing our 
behaviour with regard to energy use (Chappells 2010). As well as the built-in 
domestic energy uses, such as lighting, water heating, and cooking, some “plug 
loads” may operate on stand-by 24 hours a day. Plug loads include “white goods” 
(appliances such as refrigerators, freezers and dishwashers, washing machines and 
clothes driers), computers, DVDs, Pay TV receivers, PlayStations, Xboxes, Blu-ray 
players, Wiis, digital photo frames, microwave ovens, toasters, electric knives, coffee 
machines, irons, curling irons, hair driers, electric toothbrushes, and split system air-
conditioners, all of which have considerable variation in energy performance 
depending on which brand and model are selected.  
 
Fifth, safe energy storage for renewable energy systems is still a major constraint to 
their application (Lund 1994, Hadjipaschalis, Poullikkas, and Efthimiou 2009). 
Energy storage at the scale needed for multi-storey residential buildings is largely 
untested. Various battery technologies have a high environmental footprint (Ponoum, 
Rutberg, and Bouza 2013) and are hazardous and difficult to manage in a high-
density environment. In addition, although battery technology is rapidly developing 
(Ponoum, Rutberg, and Bouza 2013) and rechargeable batteries used in portable 
devices and in electric cars are beginning to be used for stationary applications, 
batteries are fundamentally reliant on electricity for their charge.  
 
Sixth, using a grid-connected RET system within a multi-storey residential 
development is challenging, as indicated by Chapter 7. The question of how to 
practically and fairly divide the power generated on site between individual units 
where each household pays for their energy use separately is difficult, even if the 
logistics of providing enough energy are met (Kennedy 2009). Allocating a certain 
number of PV panels per apartment and providing individual feed-in circuits for each 
apartment would make the most sense. However, a single feed-in system to the 
building is more cost-effective for both installation and maintenance. On the one 
hand, a more practical method of utilising a grid-connected PV system in MSABs 
may be to provide energy for the power requirements of common areas and 
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equipment, and then distribute the cost savings to individual unit occupants 
(Ecolateral Sustainability Consultants, 2009 cited in Kennedy, 2009). On the other 
hand, solar water heating where each dwelling has its own water storage tank 
connected to a solar collector panel may pose fewer logistical and management 
challenges than roof-mounted PV solar panels. Further, this may offer a way to use 
solar power to achieve significant savings in total energy consumption in the 
Queensland context when considering both spatial constraints and financial 
effectiveness for multi-storey residential applications. Chapter 7 concludes that 
material and physical design alternatives to mains power are currently very slim but 
must be found and implemented to reduce residents’ vulnerability to the impacts of 
critical systems failure. 
 
Finally, as seen in 8.2.1, even if renewable energy is utilised, climate-responsive 
building form, fabric and equipment are critical for residents’ perceptions of a 
liveable place where they can exercise personal control over their private dwelling 
space. Alternative energy supply is not a substitute for good design. 
 
8.4.2 What to do about the focus on technology to lower MSAB GHG emissions  
In terms of adapting to climate change, it is essential that buildings are designed 
more for climate extremes and less for current averages in order to provide greater 
protection for inhabitants and for their property against extreme weather and 
extraordinary calamity (including potential fuel poverty). It is imperative that 
architects and developers involved in MSAB development: 
• Do not satisfice; 
• Apply both EE principles and climate-responsive design by  
o Designing buildings for projected climate extremes rather than current 
averages; 
o Improving capacity to store energy and resources with better “envelopes” 
suitable to climate projections; 
o Use more “wall” and less glass. 
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Urban design, built form and energy supply need to be robust, adaptable and be 
designed with improved capacity to store energy and resources. For example, rather 
than being designed purely as an energy-reliant building form, the subtropical MSAB 
must be designed using an architectural climate-responsive approach that 
incorporates high levels of insulation, and the capacity for water storage, mindful of 
the fact that high volumes of rain are likely to be sustained over short periods, and 
then be scarce for extended periods. The local subtropical community needs to be 
resourced and informed to prioritise such issues in their preferences for high quality 
dwellings. Ultimately, “achieving good design depends on the skills of the designer 
and the commitment to good design of all those concerned with new development” 
(DETR and CABE, cited in Carmona, 2001, p. 314). Designers must be empowered 
to drive the process using their scientific knowledge and intuitive skills to innovate. 
The outcomes of this thesis provide the starting point with an evidence base that links 
architectural design to residents’ liveability perceptions.  
 
8.5 KEY THEME 4: URBAN FORM, SUSTAINABILITY AND THE “FIT” 
OF MULTI-STOREY APARTMENT BUILDINGS IN BRISBANE 
8.5.1 Unique urban and regional planning link with climate, place-identity and 
design 
In a unique planning approach, both local and state governments in the SEQ region 
have acknowledged the need to actively engage the built environment with the 
subtropical climate in response to the significant challenges of a rapidly growing 
population and the pressures of spreading urban development on regional open 
space, arable land and environmental values (Kennedy and Katoshevski 2007). 
BCC’s vision for Living in Brisbane 2026 included the theme “Well-designed 
subtropical city – Where you can see the stars at night, and hear the birds in the day” 
(BCC 2006), which clearly links concepts of city planning, design and climate with 
the sustainability concerns of air quality and biodiversity. Similarly, the historic 
South East Queensland Regional Plan 2005–2026 (OUM 2005) and the subsequent 
SEQ Regional Plan 2009–2031 explicitly envisioned a “well-designed subtropical 
region” (Queensland Government 2009). Both policies clearly recognised the role 
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that a positive response to climate can play in a location’s character and identity and 
in achieving sustainable urban form.9  
8.5.2 Dense urban form and societal acceptance  
The urban fabric is tied to the role of housing in relation to community, 
neighbourhood and city. Anecdotally, Brisbane residents generally consider the inner 
city and “premium” riverside locations to be the domain of high-rise living. Outside 
of the Central Business District, many residents deem any buildings that are four 
storeys or higher to be high-rise “towers” and out of scale and character with their 
surroundings. The effect of tower-type buildings on the urban grain aggravates 
neighbouring communities and is interpreted as a lack of regard for place. It leads to 
public perceptions of the low amenity of the buildings themselves and the 
surrounding neighbourhoods.  
 
Reports in the local media of the misalignment between community expectations and 
MSABs are not infrequent. For example, the subject of Vogler’s (2010) Courier Mail 
article “Capalaba protestors want Premier to stop planned Capalaba high-rise 
residential complex” was a six-storey development, which the community was 
concerned would overshadow existing residences and increase traffic volumes in the 
locality. In “How population pains are about to reach new heights in Brisbane”, 
which appeared in the Sunday Mail, Fraser and Gaynor (2010) noted that resident 
groups in “quiet leafy corners of Brisbane” vowed to fight the “high-rise invasion”, 
fearful that Brisbane would be turned into “Sardine City”. While negative public 
reactions to buildings seen as unsympathetic to local values may be based more on 
anxiety over injurious impacts, such as potential overcrowding and perceived loss of 
amenity, than on actual evidence, such reactions can be found in the popular media 
throughout Australia (Kelly 2010, Frew 2008) and overseas (1991, Marszalek 2007, 
McKim 2012, Smart 2008).  
 
Examining the issue of housing preference, Buys and Miller (2012) found that most 
survey respondents would regret moving from their current location. This indicates 
                                                 
 
9 While the BCC continues to pursue the vision in policy documents such as the Brisbane Vision 2031, 
the City Centre Master Plan and the e-City Plan, which replaced City Plan 2000 in 2014, at the time 
of writing, the LNP Queensland Government was revising its state-wide planning policies and may 
not acknowledge the importance of responding to climate.  
 Chapter 6: Key findings and discussion 201 
that Brisbane’s inner-urban neighbourhoods are generally attractive places to live and 
possess some characteristics identified by Jacobs (1961) and O’Hare (2006); the 
former listed residential densities that are greater than conventional suburbs, diverse 
land use, mix of building types and ages that accommodate diverse tenancies, a 
culturally diverse population, and the latter an engaged community and a supportive 
structure for walking and public transport. The structure and layout of the inner-
urban neighbourhoods targeted by the HDL survey date from the early development 
stages of the city and were originally serviced by trams and bus routes. The walkable 
distances embedded in this urban pattern offer residents choices in terms of 
spontaneous activities, such as visiting public open spaces, parks and the river, which 
can be reached easily from their homes without too much pre-meditation.  
 
SEQ’s subtropical climate positions the region well to embrace a form of urban 
settlement that is less dependent on cars and energy-intensive buildings because 
walkability (O'Hare 2006) and thermal comfort without the need for cooling or 
heating (Auliciems 1984) should be supportable in the moderate climate conditions 
that prevail most of the time (Bureau of Meteorology 1989). A key target in the 
BCC’s corporate vision Our Shared Vision – Living in Brisbane 2026 (BCC 2006) 
was to reduce the city’s GHG emissions by 50% by 2026 through a combination of 
more compact urban form and improved building design (BCC 2007). BCC’s 
updated target is to achieve an average of 6 tonnes CO2-e annually per household by 
2031. Recently, the BCC announced its Toward an Open City vision for the City 
Centre Master Plan 2014 (BCC 2014b). Two key strategies in the vision include:  
 
1. “Public realm – In Brisbane we enjoy the open air”, promoting a relaxed 
open-air lifestyle afforded by tree shade in public space; and  
2. “Built form – In our city every building is beautiful”, promoting “buildings 
that breathe”. 
 
As it states:  
We are a city of urban verandahs, where the walls of our buildings will fold away 
to capture cooling breezes and natural light while providing abundant shade and 
protection. Buildings will be designed to make the most of our pleasant subtropical 
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climate. High quality architecture will accommodate our growing economy and 
contribute positively to Brisbane’s skyline. (BCC, 2014)  
Apartment dwellings in higher-density neighbourhoods should be able to contribute 
to urban consolidation policies by being well-integrated into the urban grain, and by 
mediating surrounding climate and environment without energy-intensive 
approaches.  
 
A Grattan Institute study found that Australians associate apartment living with a mix 
of social and architectural barriers, including the following: neighbours all around 
you; noise; the need to be noise-conscious to avoid disputes; problems with 
anonymous neighbours (renters); unpredictable demographic mix; lack of outside 
areas; not suitable for children; inferior construction quality; too small; marketing 
descriptions exaggerate room sizes; nightmare for parking; problematic guest 
parking; body corporate fees; and lack of autonomy regarding making material 
alterations to one’s dwelling (Hodges et al. 2011). A single encounter that confirms 
negative perceptions about MSABs is enough to keep apartments as the least 
preferred option for most (Hodges et al. 2011). The inability of MSABs to overcome 
these undesirable traits is the reason why more Australians aspire to own a separate 
house than any other type of dwelling (Kelly, Weidmann, and Walsh 2011). Yet, 
many people recognise the advantages of an apartment over a detached house: 
(typically) being close to the city centre; no responsibility for maintenance; security 
(via intercom and being close to neighbours); (typically) scenic views; balconies 
easier to maintain than yards; and a sense of community. The Grattan Institute posits 
that the limited appeal of apartments is due more to a mismatch between people’s 
expectations of liveable attributes and housing stock available, rather than outright 
rejection of apartments as a housing choice (Kelly 2011).  
 
Private development plays a key role in shaping and building cities, and although 
new property represents a fraction of the total built environment, it has a 
disproportionate impact (Coiacetto 2007). Not unreasonably, property developers 
tailor their housing products to suit the current state of the market, which can be 
affected by external forces other than planning policy desires for diverse, vibrant 
high-density neighbourhoods. However, Mohamed (2006) points out that developers 
continue to satisfice rather than follow the guidelines developed by planners despite 
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authorities’ intentions to manage demographic changes, infrastructure, and 
environmental impacts through planning certain types of developments in certain 
places. For example, during a property boom, a large number of small apartments are 
constructed as rental properties for the investor market. These outstrip other types of 
dwellings (Randolph 2006) and fail to supply suitable housing for many different 
types of household demographics, including family-oriented developments, and low- 
and middle-income rental housing (Kelly 2010).  
 
Developers’ preferences for higher-end markets can also create socio-spatial 
differentiation, segmentation and segregation (Coiacetto 2007). Luxury residential 
markets, particularly in inner-city and waterside areas, exclude lower-end and first-
home buyer markets. Using BCC development approval data and Cordell’s 
construction activity data for 2013, Urbis (2014) reported 97 active MSAB projects 
in Brisbane’s inner city and inner suburbs, representing 10,637 apartments, including 
several “super-tall” buildings (over 30 storeys high). The average height of new 
buildings was 11 storeys, with approximately 11 apartments per floor. One- and two-
bedroom apartments, thought to be attractive to students, single workers and young 
couples, accounted for 94% of all new apartments. Less than 5% had three bedrooms 
or more, and the remainder, fewer than 1%, were studio-bedroom types. This 
illustrates Coiacetto’s (2007) point that housing products developed in response to 
external stimuli such as global economic markets (for example, MSABs targeted at 
investors for rental) are less likely to meet future market preferences and social need 
(for example, larger family dwellings, or spacious liveable dwellings for other 
household types). So, rather than contributing to sustainable development, certain 
MSABs actually stimulate further urban expansion to meet such needs, at a further 
cost to finite environmental resources.  
 
Chapter 4 identified positive and negative attributes that MSAB residents perceive to 
be important for a quality residential environment, which were then tested and 
explained in Chapters 5 to 7. For urban consolidation policies to benefit from the 
impact of apartment development, it is imperative that an attitudinal change toward 
this type of housing be fostered through design that enhances the perceived benefits 
of apartment living and overcomes the reasons for the previous unsuccessful design 
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that removes as many of the barriers as possible, particularly noise annoyance and 
lack of private home-like space. 
 
Buildings being constructed today will impact the city environment for decades to 
come. Regionally appropriate buildings are inherently more sustainable than 
placeless buildings in environmental, social, cultural and economic terms. Regional 
culture and regional sustainability are complementary, and one cannot exist without 
the other. MSABs need to remain viable for a significant period; thus, it is essential 
that new buildings provide liveable spaces, both indoors and outdoors. Above all, 
space for home-like activities is important to achieve, in the dwellings and buildings 
themselves, to better meet the needs of people at all life stages rather than in 
transitory phases. Without these qualities, apartments are likely to remain the last 
choice for long-term housing for the majority of Australians. Architecture that is 
grounded in the fine-grained specificity of the local climate, lifestyle and landscape, 
is called for to provide liveable and significant environments that relate culturally and 
climatically to location.  
 
8.6 CONCLUSION 
Overall, this research has elucidated Brisbane MSAB residents’ everyday 
experiences with the design of their apartments and illuminated the role of design in 
meeting or falling short of their expectations of the attributes of quality residential 
environments. It has related the subjective lifestyle experiences and expectations of 
private residents to specific factors of multi-storey apartment design within the 
context of high-density subtropical neighbourhoods, a burgeoning housing type 
within local (Brisbane) conditions, including climate, lifestyle, and jurisdiction.  
 
At a theoretical level, this research has added to the body of knowledge about high-
density liveability generally, and the unique sustainability challenges and 
opportunities in a subtropical urban context specifically. At a methodological level, it 
has demonstrated the value of the charrette as a design research method. At a 
practical level, the findings are extremely significant for architects and the design 
professions (by underscoring and validating their scientific/artistic/objective 
knowledge) and for the planning and property development industry, helping 
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contribute to a cultural change that will make multi-storey residential buildings in 
subtropical humid cities more socially and environmentally acceptable.  
 
This research has implications for how apartment housing is designed and built to 
better meet community expectations of satisfactory living conditions. Through 
understanding residents’ expectations and what affects people the most in their 
enjoyment of private living in the MSAB, architects can translate this research into 
design strategies. The social implications of this research are aimed at improving 
apartment dwellings for long term liveability. The environmental implications may 
be associated reductions in apartment household energy use as well as overall urban 
energy use, and corresponding reductions in GHG emissions, which are stated 
objectives of urban consolidation policies. The study has exposed the need for 
increased accountability for better quality design among stakeholders involved in 
providing apartment buildings. 
  
In summary, this thesis provides a more in-depth understanding of the complex 
picture of how design supports lifestyle in multi-storey residential buildings in denser 
subtropical settlements, and provides the basis for designing more sustainable 
residential building stock. It makes a significant contribution to knowledge about the 
challenges and opportunities that face experts (designers, urban planners, property 
developers, and so on) as they endeavour to design and develop MSABs that best 
meet the lifestyle expectations of residents, as well as how issues of sustainability 
and building “resilience” (to crises) have the potential to radically reshape lifestyle 
expectations and design practice. As society moves toward a post-carbon future, the 
findings and insights stemming from this research may assist the designers, 
developers and financiers involved in developing MSABs to deliver environments 
that improve residents’ quality of life and achieve low-energy resilient design.  
 
This is important, given the converging issues of climate change and actions for 
sustainability, such as urban consolidation and reducing carbon-intensive energy use. 
Transforming the low-density, car-dependent subtropical city into a denser, more 
compact, sustainable city relies on the success of new forms of housing that are 
attuned to local culture, acceptable to residents’ lifestyles, and contribute to lowering 
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the city’s overall energy consumption and GHG emissions in the subtropical city of 
Brisbane Australia. 
 
Development is not possible without energy, but, energy in the 21st century must be 
clean, affordable and sustainable. “Sustainable prosperity” is the simultaneous 
advancement of four forms of prosperity in balance – economic, ecological, social 
and cultural – whereby economic prosperity does not impoverish the other forms of 
prosperity (Ellyard 2002). To achieve prosperity for all segments of society, the 
innovations architects will need to create should not only make us less unsustainable 
(problem-centred innovations) but also more sustainable (mission-directed 
innovations) (Ellyard 2002). Using such an approach, the role of the built 
environment must be considered in the context of multiple, interrelated social, 
environmental and economic influences. Looking at global “megatrends”, 
Hajkowicz, Cook and Littleboy (2012) describe phenomena such as working from 
home, teleworking, and collaboratively using cars, bicycles, and even apartments by 
way of some type of sharing arrangement, which will impact on current models of 
city design, dwelling design and transport systems. Apartment buildings are 
currently, and are likely to continue to be, a part of the urban mix in relation to 
general compact urbanisation policy. It is imperative that they become less polluting 
in construction and operation and more acceptable to the wider community as a 
viable lifestyle choice.  
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Appendix A 
Residents’ dwelling satisfaction in the HDL Living in the City Survey 
Table A1  
Summary of Phenomena Evaluating Residents’ Satisfaction With Their Apartment Dwelling 
 
Current accommodation  
(36 questions) 
Environmental factors 
(18 questions) 
Energy and Water Practices  
 (52 questions)  
length of residency (in the 
dwelling, neighbourhood and city) 
Noise 
The extent to which residents are 
aware of noise experienced in the 
dwelling:  
• Extent of noise from 
neighbours, household 
appliances operating in other 
dwellings 
• Extent of noise from any other 
source of noise 
• Extent of noise from transport, 
construction or industrial 
activity 
• Most annoying noise  
Type of climate control equipment 
and fuel used within the dwelling  
accommodation choices when last 
relocating and preferences for 
future accommodation 
Usage elements such as running 
times, the average internal 
temperatures maintained across a 
day and the number of rooms 
involved 
whether the resident would regret 
moving from their current location 
presence of (architectural) design 
elements to mitigate temperature 
and the residents’ satisfaction with 
those 
level of satisfaction with dwelling 
features (location, neighbours, 
upkeep, maintenance costs etc).   
presence of a lift and frequency of 
use by the resident, use of stairs by 
the resident 
level above ground on which the 
residence is located in the building 
and their satisfaction with this 
location 
presence of swimming pools and 
spas; See GBCA tool 
overall satisfaction with the 
dwelling, building, complex, 
neighbours 
Air Quality 
The extent to which residents are 
aware of unpleasant odours from 
animals, garbage, traffic, water, 
sewage, industry, experienced in 
the dwelling.   
• Extent of any other source of 
malodour experienced in the 
dwelling.   
• Most annoying odour  
 
water saving practices within the 
dwelling and complex 
dwelling’s spatial dimensions and 
facilities such as number and use of 
each bedroom, number of parking 
spaces and outdoor spaces, 
presence of a laundry or communal 
facilities  
summer and winter water and 
electricity usage 
the presence, use of and importance 
of a private garden or balcony  
type of metering and how water 
and energy usage is billed 
safety and security risks The extent to which residents are 
aware of pollution from animals, 
garbage, traffic, water, sewage, 
industry, lighting, refrigeration 
plants, experienced in the dwelling.   
• Any other source of pollution 
experienced in the dwelling.   
• Most annoying pollution 
 
water and energy conservation and 
waste recycling practices by the 
resident 
importance of privacy (both aural 
and visual) 
 
water and energy efficiency of the 
dwelling 
any modifications they had made to 
the dwelling to improve 
temperature inside the dwelling 
Level of agreement with statements 
regarding the ability of HD 
development to discourage car use.  
 
elements they would like to change 
about their dwelling 
Level of agreement with statements 
regarding the future of HD as a 
viable residential option and 
whether HD are a good way to 
manage future population growth in 
SEQ. 
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Appendix B 
Charrette design research method and the Research Plan for the Subtropical 
Tower Design Charrette 
 
‘Charrette’ is a term that allegedly had its origins in the Parisian L’Ecole des Beaux 
Arts in the late 19th Century, and denotes the frenetic activity of architecture students 
hurrying to complete their assignment as the little cart (Charrette) collected work for 
delivery to the professors, and eventually came to describe a form of intensive 
workshop that is useful in the architectural design process.  The concept of Charrette 
as ‘intense inquiry’ has been borrowed from the architecture discipline by the think 
tank, the Rocky Mountain Institute (n.d.), and by urban design and planning 
disciplines as a key method of community participation. Collective inquiry 
undertaken in an intensive interdisciplinary effort aimed at idea generation focussed 
on a tangible outcome is the key characteristics of the exploratory Charrette. 
By promoting collaboration and interactions across disciplines that might not 
ordinarily collaborate, charrettes generate ideas and solutions that may otherwise 
remain obscured by conventional thinking  (Rocky Mountain Institute n.d.).  Rather 
than the linear method of developing a single solution to a problem which is 
generally adopted in an engineering-led approach, design-led charrettes illustrate the 
complexity of a problem and allow solutions to evolve at varying scales 
simultaneously and inform each other – this means that one solution is often able to 
be leveraged to create many more positive outcomes.   
This kind of process foregrounds the best outcome to support socially, economically 
and environmentally sustainable healthy communities, rather than a single dimension 
solution.  The process is useful for disentangling vested interests and entrenched 
attitudes.  A further benefit of the charrette methodology is that it can be used to 
resolve conflict by proposing previously unexplored solutions that represent win/win 
outcomes for affected parties (Lennertz 2007).   
Thus the charrette is particularly suitable for built environment design research 
because it allows for a range of experienced professionals to work collaboratively to 
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examine options for a specific timely problem.  The characteristics of a successful 
urban planning charrette are described by Lennertz (2007):   
• A clearly identified issue or set of problems 
• An instigator who will coordinate the project and convene the creative 
teams 
• A facilitator who will manage the event  
• A group of experts   
• Background material for participants prior to the Charrette 
• A specified set of issues to be looked at or problems to be solved 
• A tangible and realistic set of deliverables to be achieved within a 
specified timeline. 
These principles formed the basis of the research methodology for building typology 
investigation which I developed for research conducted on behalf of the Centre for 
Subtropical Design. 
Key aspects of the Subtropical Tower Design Charrette 
My approach was to identify four prominent experts as Creative Leaders and invite 
each of them to assemble inter-disciplinary creative teams from the disciplines of 
architecture, landscape architecture, environmental engineering, urban design, 
property development, transport planning, structural engineering, economics and so 
on.  The qualities of Creative Leaders are that they are knowledgeable and open, 
have proven a track record, are acknowledged by peers, and represent diverse 
approaches and sensibilities.  
In this instance, the leaders were required to include as a minimum, a landscape 
architect, and a sustainability consultant or ‘building physicist’ skilled in Eco-tect 
software, as hands-on members of their team. Other team members were able to be 
invited at the discretion of the Creative Leader. I also identified experts and 
appointed them to the important roles: 
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• A facilitator with substantive knowledge of large scale residential project 
design (Shane Thompson BVN) 
• An internationally recognised creative leader as mentor to the project 
(Richard Hassell, Principal WOHA Singapore) 
• Several specialist expert advisors making brief presentations addressed social 
and community profile of Bowen Hills, market acceptability of higher 
density, consumer preferences, precedents and the regulatory environment, 
and developers representative. 
 
The Subtropical Tower Charrette was held at QUT’s Gardens Point campus. It 
involved a two-day design studio meeting of four teams of leading design thinkers 
from a range of disciplines to share expertise and knowledge. During this initial 
intensive phase, briefings on pertinent issues were provided by specialist advisers. 
The teams made several presentations to the wider group, generating options for 
overall site planning and individual sites. Ongoing debate and dialogue was integral 
part to the team developing their ideas over the course of two days.  At the end of 
two days, four developed designs were available for the teams to document, and to 
provide further information regarding ESD performance over a two week period.  
The resulting designs were evaluated by a prominent urban developer for their 
opinions on yield and cost of construction. 
 I have conducted three Subtropical Design Typologies Charrettes by this method to 
explore higher-density housing typologies which effectively respond to the 
subtropical climate in three multi-disciplinary workshops (row houses; medium-rise 
apartment buildings, and high-rise apartment buildings respectively). I devised the 
research questions, identified and invited ‘creative’ leaders and technical advisors, 
wrote the design briefs, and selected sites for three charrettes respectively, and 
subsequently analysed and disseminated findings regarding design outcomes. In 
total, 48 professional consultants (12 architects, 12 landscape architects, 12 
engineers, 12 others – interior design/urban design/planners/social planners) working 
in multi-disciplinary teams have developed innovative case study designs appropriate 
for subtropical living.   
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